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THE Association was organized in Boston, Mass., on June 21, 1882, with the object 

of providing its members with means of social intercourse and for the exchange of 
knowledge pertaining to the construction and management of water works. From an 
original membership ef only TWENTY-SEVEN, its growth has prospered until now it in- 
cludes the names of 800 men. Its membership is divided into six classes, viz.: 


4 Member shall be an officer or employee of a public or Private water works, an engineer, chemist or 
other person qualified to aid or interested in the of | relative to water works. 
, An Honorery Member shall be a person of acknowledged eminence in some branch of water supply or 
of engineering. 

A Junior shall be not less than eighteen years nor more than twenty-five years of age, a student or 
connected with water supply work. 

An Associate shall be either a person, firm or corporation engaged in manufacturing or furnishing 
materiale or supplics for the construction or maintenance of water works. 

A Corporete Member shall be either a Water Board, Commission, Company or Municipal Corporation. 

The initiation = and mane dues are as follows: 


This Association has at least eight regular meetings each year, of which five are 
held in Boston, one in northern New England, one in southern New England, and one, 
the annual convention, held in September on such date as the Executive Committee may 
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OF PRESTRESSED CONCRE 


@ Lock Joint Prestressed Concrete 
Cylinder Pipe has many advantages 
... and among its most important 
qualities is GREATER ELASTICITY. 
Tests have proven that prestress- 
ing produces elastic properties in a 
reinforced concrete structure, pre- 
viously unattainable with conven- 
tional designs, and it is only through 
prestressing that the wider range of 
elastic properties of high tensile wire 
can be used to the greatest advan- 
tage. The winding of the wire under 
tension around the “core” causes an 
initial compression in the concrete 


SCOPE OF 
SERVICES 


lining, thereby giving the finished 
pipe a much greater range of elas- 
ticity to withstand internal pressure, 
water hammer and overloads. 
During the past few years, the 
Lock Joint Pipe Company has in- 
stalled hundreds of thousands of 
feet of Prestressed Concrete Cylin- 
der Pipe with several hundreds of 
thousands of feet now under con- 
tract. When you specify this high 
pressure pipe you can count 100% 
on strength, economy, performance. 


A Hazen-Williams Hydraulic Slide Rule will 
be sent upon request with our compliments. 


LOCK JOINT PIPE COMPANY 
Established 1905 


P.O. BOX 269, EAST ORANGE, NEW JERSEY 
Denver, Colo. * Chicago, Ill. » Kenilworth, N. J. 
Kansas City, Mo. + Rock Island, Ill. + Joplin, Mo. 
Valley Park,Mo. + Cleveland, Ohio + Hartford, Conn. 

Navarre, Ohio 

Lock Joint Pipe Company specializes in manu- 
facture and installation of Reinforced Concrete 
Pressure Pipe for Water Supply and Distri- 
bution Mains in a wide range of diameters as: 
well as Concrete Pipe of all types for Sanitary 
Sewers, Storm Drains, Culverts and Subaque- 
ous lines. 
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CONTEST 


NO. 1 


on the subject 


Write a paper not exceeding 2,000 words in length 


“How A Community Is Benefited 
By Metering All Services” 


Come on you water works superintendents, municipal officials and 
engineers; this subject is made to order for you! Either write about 
your Own universal metering experience or outline your theories 
on the advantages of metering all services. Logic and clear thinking 
will count as much as past metering experience. 


Contestants will, at the discretion of the Editor, 
be offered a $25.00 cash release fee for the use of 
their papers in the Pittsburgh-Empire Water Journal. 


PRIZE LIST 
3rd Prize—$100.00 
4th Prize—$ 50.00 


10 Consolation Prizes 
of $10.00 each 
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JAMES H. KENNON. Manag- 
ing Engineer of the Bureau of 
W ater of the City of Pittsburgh, 
Pennsylvania. Active member 


JUDGE 


WILLIAM W. BRUSH, Editor 
of Water Works Engineering: 
former Chief Engineer, Bureau 
of Water Supply. Greater 
New York. Past President of 


ater Works r.utHo 


ALL ENT 


ALBERT E. PAXTON, Pub- 
lisher of Engineering News- 
Record. Vice President of the 
Water and Sewage Works 


of A. W. W. A. Graduate of 


Ohio Northern University. Ww 


A. W. W. A. Graduate of 
New York University. 


Manufacturers Association. 
Graduate of Univ. of Illinois. 


CONTEST RULES 


Everyone is eligible to participate except 
employees and members of their families of 
any DIVISION or SUBSIDIARY of ROCK- 
WELL MANUFACTURING COMPANY 
and their Agents. 

All entries must be accompanied by cou- 
pon clipped from any contest announce- 
ment. Only one coupon is required to 
identify a contestant who submits a num- 
ber of entries at the same time. 
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33 Write on one side of paper only. DO NOT 
= put name or address on any entry. An exe- 


TIPS ON ADVANTAGES 


Metered consumers only pay for 
the water that is used —not for some- 
one else’s waste. 


Metering discourages water waste 
— often cuts per capita distribution 
in half—conserves power, lowers 
treatment costs. 


100% metering, by eliminating ex- 
travagant use of water, frequently 
curtails the need for costly added 
sources of supply. 
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All entries must be § 
accompanied by cou- N 
pon filled in with name XN 
and address. Clip, pin X 
or staple to entry sheet \ 
or sheets. Upon receipt 
a code number will be 


CONTEST NO. 10 


check both boxes. 


AND REGULATIONS 


PITTSBURGH EQUITABLE METER DIVISION 


Attached find my entry or entries for 


Check in boxes provided. Where entries are submitted in both contests, 


cuted coupon will serve as contestant’siden- 
tification. Contests close August 31, 1946. 
Entries must be postmarked on or before 
that date. 

Winners names in both contests will be 
in Pittsburgh-Empire Meter exhibit 

ooths at the fall water works conventions. 
Checks will be mailed to winning con- 
testants immediately upon completion 
of judging. 

The decisions by the judges will be final 
and no entries will be returned. In case of 
ties, duplicate prizes will be awarded. 


OF 100% METERING 


By metering all services the burden 
caused by excessive wasted water 
on overloaded sewage disposal 
systems can be relieved. 


Meters produce added revenue, 
usually enough to cover initial in- 
vestment, maintenance costs and 
depreciation. 


The meter system provides the only 
fair and equitable basis for apportion- 
ing water charges to all consumers. 
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WHEN THE MAIN 
VALVE IS OPEN 


OR PARTIALLY OPEN... 


The Smith Fire Hydrant is so designed that 
the drain is open only when the main valve 


is completely closed. Water under pressure 


cannot pass through the drain in the event that 


the main valve is improperly closed or par- 


tially open. 
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FIRE HY! FLOOR STANDS : 
SMITH MFG.CO. 
TA SLEEVES AND VALVES PIPE CUTTING MACHINE 
WATER SERVICE BRASS GOODS EAST ORANGE NEW JERSEY CORPORATION TAPPING MACHEN 


You can 


LAY WATER PIPE FASTER 


when it’s easy-to-handle Transite 


EEPING UP wi¢h the trenching 
machine is common practice 
when the pipe being installed is 
Transite! Crews can unload and 
install this light-weight asbestos- 
cement pipe quickly ... handle all 
but the larger sizes without the aid 
of mechanical handling equipment. 
The modern Simplex Coupling cuts 
assembly time to a minimum... 
assures tight, yet flexible joints. 
And in addition, Transite de- 
livers these /ong-term advantages: 


No tuberculation. Made of asbestos 
and cement, its initial high flow 
rate (C=140) is unaffected by tu- 
berculation. Users never have to 


contend with excessive pumping 
costs resulting from this costly 
form of internal corrosion. 

High corrosion ist outside, 
as well as inside! Thousands of 
Transite Pipe installations—many 
in highly aggressive soils—testify 
to its exceptional resistance to soil 
corrosion. 

Low maintenance. Transite’s tight 
joints, high uniform strength, great 
durability and proved corrosion- 
resistance all add up to economy 
over the years! 

For details, write for 
brochure TR-11A. Johns- 
Manville, Box 290, New 
York 16, N. Y. 


Johns-Manville 


TRANSITE PRESSURE PIPE 


An Asbestos Product 
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Stability of Electrical Resistance of Coal-tar Enamel 
an important factor in 
THE ECONOMICS OF CATHODIC PROTECTION 


Corrosion-proof pipelines demand the 
use of stable electrical insulation—Coal- 
tar Enamels—to permit the economical 
use of Cathodic Protection. 

Coal-tar Enamels, because of their 
ability to resist moisture absorption, 
provide constant, uniform and long-last- 
ing STABLE insulation. They are not 
affected by the changing moisture con- 
tent of soils, due to variation of seasons 
and weather conditions. 

Pipelines—efficiently protected with 
Coal-tar Enamels—do not require a 
robot, or any especially designed equip- 
ment, to vary automatically the amount 


of electrical current required with the 
change in moisture content of soils, 
to make Cathodic Protection function 
properly. 

Stability of Electrical Resistance of 
Coal-tar Enamels saves money and helps 
to reduce the cost of installing Cathodic 
Protection equipment. Barrett Coal-tar 
Enamels have demonstrated their effec- 
tiveness through years of service in all 
types of soils and climatic conditions. 
Applied by modern methods in the 
field ot mills, and electrically inspected, 
they are your assurance of sound 
economy. 


THE BARRETT DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N.Y. 


FIELD SERVICE: The Barrett Pipeline Service Department and staff of Field Service men 


COAL-TAR 
ENAMEL 


are equipped to provide both technical and on-the-job assistance in the use of Barrett Enamel. 
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A MATHEWS HYDRANT 
IS NO SPHINX 


A Mathews Hydrant can be turned to 
face any direction in the compass. This is 
due to the unique swivel flange at the 
base of the nozzle section. You simply 
loosen a few bolts... and turn the head 
with the minimum of labor and expense. 
And for the same reason, the number 
and size of the nozzle outlets can be 
changed by simply changing the head... 
without shutting the water off. 

Take a look at the working parts— 
they are all contained in a removable 
barrel. In case something goes wrong, 
you unscrew the barrel from the elbow, 
lift it out, insert a spare. No digging or 
excavating; the pavement is intact; life 
and property are protected with almost 
no interruption at all; repair costs are 
held down. Mathews design is note- 
worthy throughout—oiling from the 
exterior; operating threads kept free of 
rust and dirt; frost-proof mechanism; 
protection case “‘Sand-Spun’’ for greater 
strength, elasticity, freedom fromstresses. 
These and other features explain why 
there are so many Mathews hydrants in 
use everywhere in the world. 


R. Dd, wooo SPUN PIPE (CENTRIFUGALLY 


CAST IN SAND MOLDS) AND 
BUILD: R. D. WOOD GATE VALVES 
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(partial list) 


UTILITIES IN MAJOR U.S. CITIES 


CHOOSE DRESSER STYLE 60 CLAMPS 
For repairing leaking bell and spigot joints 3” to 60” dia. 


IT’S ADJUSTABLE! IT FITS! 
NO SHIMMING...NO GRINDING 
IT’S ECONOMICAL! IT’S FAST! 


Whatever type of pipe you may find in bell joint clamps. Sizes: 3, 4, 6, 8, 10, 12, 
the hole—foreign or domestic, oversize 14,16,18,20,24,30,36,42,48 and 60 inches 
or undersize, old or new—you can use a nominal diameter. Write for full in- 
Dresser Style 60 Clamp without any formation. 

delay because it is adjustable to the exact Dresser Manufacturing Division, 446 
pipe diameter. You save time on the job ‘Fisher Ave., Bradford, Pennsylvania. In 
—you get a better job. The special Dresser Texas: 1121 Rothwell St., Sec. 16, Houston, 
gasket keeps joint leakproof for life. Texas. In Canada: Dresser Manufacturing 
Only Dresser offers a complete line of  Co., Ltd., 60 Front St., West, Toronto, Ont. 


DRESSER 


ONE OF THE DRESSER INDUSTRIES 


SEATTLE. 
MINNEAPOLIS BOSTON 
DETROIT NEW YORK 
CLEVELAND 
PITTSBURGH PHILADELPHIA 
e 
SAN FRANCISCO —-_—DENVER CINCINNATI, BALTIMORE® 
KANSAS CITY WASHINGTON 
ST. LOUIS 
LOS ANGELES MEMPHIS © 
ATLANTA® 
DALLAS 
NEW ORLEANS ee 
HOUSTON 


long abandoned...completely restored by Centriline 


The Centriline process is a 
rapid and economical meth- 
od of reconditioning pipe- 
lines of 30" or more. It con- 
sists of first cleaning the 
main and then applying by 
centrifugal force, a dense 
cement mortar lining of re- 
quired thickness, mechan- 
ically troweled to a smooth 
finish. This is done under- 
ground, in place. 


BACK IN THE YEAR 1874, 
over a hundred thousand feet 
of 24"" and 36’’ wrought iron 
pipe were laid in the City of 
Rochester, New York — and 
continuously used until 1934. 
However, during the entire 
sixty years numerous repairs 
were made on this main until 
finally leakage became so 
great that this pipe-line had to 
be completely abandoned. 

At the outbreak of the war 
industrial expansion in 
Rochester materially increased 
the burden of the water de- 
partment. To meet this emer- 
gency and fo eliminate the ex- 


pense of purchasing water 


‘2 


from outside sources, the city 
determined to investigate the 
possibility of reclaiming the 
important sections of this old 
line . . . and Centriline was 
called upon the scene. 

After cleaning, Centriline 
started to apply a sleek, new 
cement lining on September 
12th, 1944. . . and finished the 
job on November 22nd... in 
record breaking time. Further- 
more, this old pipe-line which 
was abandoned ten years ago 
has been more than satisfac- 
torily restored ... because 
today its carrying capacity 
is higher than the original 


coefficient. 


144 CEP. STREET - NEW YORK 6, N. Y. 


(eat) CENTRILINE CORPORATION 


Restores and Protects Pipe-Line Carrying Capacity 
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COOLING-WATER BENEFITS FROM INCREASED RIVER 
FLOWS{ 


BY M. LEBOSQUET, JR.* 
[Read September 11, 1945.] 


SINCE 1939 the U. S. Public Health Service has codperated with 
the Corps of Engineers, U. S. Army, on investigations of surface- 
water pollution and allied problems in connection with proposed reser- 
voirs to be built primarily for the purpose of storing flood waters and 
thereby reducing flood damage and suffering. The proposed reser- 
voirs, however, may also be used for many other purposes, among 
which are the following: (1) power, (2) irrigation, (3) navigation, 
(4) domestic and industrial water supply, (5) recreation, (6) dilution 
water to assist in abating pollution, and (7) industrial cooling water. 
These reservoirs or impoundments are referred to as multiple-purpose 
projects. 

The principal interest of the Water and Sanitation Investigations 
Station of the U. S. Public Health Service at Cincinnati is in item 
(6) above or, in other words, the possibility that impoundments will 
increase critical low flows to the benefit of water-pollution problems. 
Item (7), industrial cooling water, the subject of today’s paper, is also 
considered by the U. S. Public Health Service. This interest is pri- 
marily an outgrowth of studies of water temperatures and their effect 
on water requirements for dilution of residual organic pollutants fol- 
lowing various treatment processes. 

The U. S. Public Health Service codperation is concerned with 
four specific assignments within the two items (6) and (7) as follows: 

(a) Estimates are made of desirable increases in minimum flows, in the 


interest of water-pollution abatement and cooling-water use. This 
activity involves computations of the oxygen sag in a stream below 


tPublished with the approval of the U. S. Public Health Service. 
*Sanitary Engineer, Water and Sanitation Investigations, Sanitary Engineering Divisiou, U. S. Public 
Health Service, East Third and Kilgour Streets, Cincinnati, Ohio. 
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point. 
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Fa 


sources of pollution, plus computations of expected river-water tempera- 
tures made in accordance with methods to be outlined later. 

Evaluations are made of water-pollution abatement and cooling-water 
benefits from increased flow. In general, these evaluations are made on 
the basis of costs of treatment works necessary to accomplish improve- 
ment in stream conditions equivalent to those resulting from increased 
flow. Cooling-water benefits per unit reduction in temperature claimed 
by industrial engineers are normally accepted. 

(c) Estimates are made of permissible decreases in greater-than-minimum 
flows. In general, lowering of the absolute minimum’ flow is highly 
undesirable and is seldom considered. Decreases in the higher flows, 
however, may be permissible in order to store water for seasonal uses 
such as irrigation, power and navigation. Such decreases are permissible 
only so long as sanitation needs are met. 

(d) Studies are made of possible hazards resulting from impounding water 
of inferior quality. 

The interest of the U. S. Public Health Service in the discharge 
of hot water has led into the field of thermodynamics, as such dis- 
charge involves the escape of excess heat from surface water to the 
atmosphere. Very little is available in the literature on the sub- 
ject and it was necessary to devise methods of computation. One 
reference in “Mechanical Equipment of Buildings,’ Volume 2, by 
Harding and Willard, states that mill ponds may be designed on 
the basis of heat loss from a water surface of 4 BTU per square foot 
of surface area per hour per degree F. of difference in temperature 
between water and air. This basic reference was used as a Starting 


COOLING-WATER BENEFITS. 


One result of the codperative activity with the Corps of Engineers, 
or the U. S. Engineer Office, is a temperature formula which is used 
on each industrial problem. Results have been satisfactory. The 
principal purpose of this paper is to add this one formula to the 
collection available for use. The derivation is as follows: 


= Heat loss in BTU per sq ft per “F excess in tempera- 
ture (of water over air) per hour; 

= Lb of water; 

= Excess temperature (°F) of water over air at distance 
(D) in miles; 

= Initial excess temperature (°F); 

= Time in hours; 
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LE BOSQUET. 


Surface area—sq ft; 
Cross-section area—sq ft; 
Average depth of water—feet; 
Average width of stream—feet; 
Average velocity in miles per hour; 
Average velocity in feet per second; 
Flow in cubic feet per second; 
Distance in miles; 
0.02347 KW 

Q ? 
0.4343 C; 
‘Fx 

BTU 
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62.50 60V 
0.02347 KW 
Q 
0.02347 KW 
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FdD. 


Substitute C = 
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COOLING-WATER BENEFITS. 


—dF = CFdD 


—(Log. F— Loge Fi) CD 
Log-Fa— Loge F =CD 


KW 
= 0.0102 —— 
Q 


KWD 


Fa Fa 
Loge F = CD, = = 
F Fa 
K 
C’ = 0.4343 C = 0.4343 X 0.02347 = 


BTU added per day Cc’ = BTU added per day 


Fo x 5,400,000” 


Fu = 
Q 


KWD 


F — 10—2.0102 
Solving (1) for K: 
Fu 
Logio = CD, = 
0.0102 KWD 
LogiFa — LogioF = 


Fu 
Q Logio 


K = 40102 WD 


5,400,000 


, 0.0102 KW 


(1) 


(2) 


(3) 
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LE BOSQUET. TES 


In applying the formula, it has been the practice to use averages. 
As there is a wide variation in hour-to-hour cooling-water use and 
resultant quantity of heat added to the stream, as well as changes in 
atmospheric conditions, there is little justification for refinements. 
Factors influencing the value of K have been investigated only to a 
minor extent. More heat is lost by rapid shallow streams than by 
slow sluggish streams, possible variations being from 18 to 6 BTU 
per square foot per hour per degree F. difference in temperature 
between water and air. In practice, values of K are derived from 
stream temperature readings and computations are then made of ex- 
pected temperatures under new conditions. 

It is to be noted that no item for time appears in the final formula. 
This means that, if the surface area (WD) is the same and the 
stream flow (Q) is the same, it makes little difference whether the 
stream is 2 ft deep or 20 ft deep. In the deep river, time between 
points will be much greater, but the volume of water to be cooled will 
be correspondingly greater. In other words, changing a shallow 
stream to a deep, possibly navigable channel will have little effect on 
resulting cooling-water temperatures, as long as the surface area is 
not increased. 

Increasing stream flow results in two great benefits to cooling- 
water use. First, the water discharged from the plant will not increase 
the temperature of water taken in to as great an extent, because a 
greater portion of the cooling water taken from the stream will be 
fresh water rather than water that has already circulated through the 
plant. For example, a plant pumping 200 cfs from a stream with a 
flow of 50 cfs will pump 75% of its own discharge. Increased flows 
under such circumstances are very beneficial. The second great bene- 
fit is that the same BTU contribution per day raises the temperature 
of the larger volume of water to a lesser degree, to the benefit of the 
user downstream. 

Strangely enough, the increased flow in certain ranges may not 
benefit all the downstream users. When streams are very low, the 
time of flow between users may be so great that the effect of the 
upper industry may be entirely lost. Increasing the flow under such 
circumstances may carry the hot water downstream before the heat 
is lost to the atmosphere. 
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COOLING-WATER BENEFITS. 


If a curve is drawn with distance (D) as abscissa (W being con- 
stant) and excess temperature (F) as ordinate, a straight line is ob- 
tained on semi-logarithmic paper. Use can be made of this fact in 
graphical solutions. 

In general, financial benefits from reduced cooling-water tem- 
peratures are not large enough to pay more than a small fraction of 
the cost of an impoundment. However, if an impoundment is planned 
for flood control, navigation and other uses, cooling-water benefits 
may be a worth-while additional justification for the project. 

Temperature considerations are very important from a pollution 
standpoint. It is much more difficult to maintain aerobic conditions 
in a polluted hot stream than in one of normal temperature. Hot 
water can, therefore, in a sense, be considered as oxygen-depleting 
pollution. There have been several occasions to use stream tempera- 
ture computations to help determine the effect of increased flow on 
pollution conditions in streams used for cooling purposes. 
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THE DEVELOPMENT OF PLASTIC COATINGS FOR CORRO- 
SION PROTECTION IN THE WATER-WORKS INDUSTRY 


BY ARTHUR B. SMITH* 
[Read February 28, 1946.] 


To combat corrosion and contamination in the water-works in- 
dustry, the field of plastics, after many years of research and develop- 
ment, stands ready today with time-proven systems of cold-applied, 
air-dried, thermoplastic protective coatings. These coatings are odor- 
less, tasteless, chemically inert and resistant to cold mineral acids, 
are unaffected by alkalis, impervious to oils, fats, gasoline and mineral 
salts and are insoluble in alcohol and water. Based on synthetic or- 
ganic resins, the coatings are also non-conductors of electric current 
and are resistant to electrolysis. They adhere tightly over a well pre- 
pared surface of steel, concrete or wood and present a smooth surface 
in colors that may well fit into any color scheme. They will with- 
stand a remarkable amount of abrasion, yet are plastic enough not 
to crack, check or fracture. Thus, an economical and effective means 
of corrosion control for a large number of water-works installations 
is believed to have been found. 

The automobile industry is believed to be one of the first, and is 
perhaps today one of the largest, users of plastic coatings. It was 
in the early 1920’s that the plastic industry developed finishes which 
revolutionized automobile painting. Since that time research and 
development have greatly improved quality and reduced the cost of 
these finishes. Other large users of metal finishes soon found that 
- surface coatings made from baked plastic resins were corrosion-proof, 
did not become chalky, retained a deep gloss and did not color with 
age. Such resins include phenol-formaldehyde, urea-formaldehyde and 
the alkyd resins. You will find them in use on your refrigerators, 
stoves and similar equipment. Most of these resins, however, are 
of the thermosetting type—that is, they require heat to bring on a 
protective film firmly bonded to the surface. 


*With Amercoat Division, American Pipe and Construction Co., 4554 No. Broadway, Chicago, Ill. 
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Long has it been perceived that the best possibilities for an 
economic solution to corrosion and contamination problems in water 
works lay in a protective coating. Yet, to find a material that could 
easily be applied with a brush or spray gun, could be rapidly dried 
by air and still had all of the corrosion-resistant features presented 
quite an obstacle. So again, modern industrial designers delved into 
their never-ending research with plastics and came up with an ap- 
parent answer to an age-old problem. 

It is from the drama of raw materials, such as limestone, petro- 
leum, coal, water, air and salt, being transformed into basic materials, 
which are both water-resistant and resistant to most corrosive chemi- 
cals, that these new protective coatings are formulated, just as waste 
products, such as peanut shells, corn cobs, insect secretions and bits 
of cloth, have been transformed into radio cabinets, electrical equip- 
ment, jewelry and silk substitutes. Yes, among all the processes and 
products of creative chemistry, none has attracted more attention 
than plastics and none seems to stand out as being of greater interest 
or more universally useful to all industries than these surface coatings. 

Surface coatings made from thermoplastic resins have the same 
chemical properties of molded products, made from the same resins, 
as do some of the phenol-formaldehyde type of thermosetting plastics. 
Yet, unlike such plastics, they require no heat to meet their maximum 
efficiency. 

Most of the companies now in the plastic-coating field were or- 
ganized during the war and the coatings were largely used as corrosion- 
resistant finishes in the marine, electrical and aircraft industries. 
However, a few companies had spent years of research, development 
and actual field testing prior to the war’s beginning and had extended 
the coatings’ uses far beyond these particular fields. Among these 
is the company which I represent. Our original objective was the 
determination of an efficient, air-dried, corrosion-resistant lining for 
concrete sewers, conduits, waterways, etc. 

We are all aware that corrosion is one of the more important 
chemical reactions with which the water-works industry must con- 
tend, because water possesses the property of dissolving other sub- 
stances. In fact, a greater variety of substances is dissolved by 
water than by any other known solvent. 
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One of our principal difficulties with iron and steel is that they 
are highly susceptible to corrosion. Under even ordinary conditions, 
iron is attacked by oxygen in the presence of water with the resulting 
formation of rust. Moist air is a corroding agent for almost all 
materials, except possibly gold, silver and platinum. Structural ma- 
terials exposed to smoke-laden atmospheres are frequently corroded 
very rapidly by oxides of sulfur in the smoke. Almost all acids, alkalis 
and salts used in the water-works industry are highly corrosive. Prac- 
tically all materials, when exposed to the elements, have a tendency 
to revert to one or the other of their original forms. Thus, steel 
corrosion of buried pipes takes a heavy annual toll. Dry-air corrosion 
may, in some sections of the country, be a very slow process but 
rare indeed is dry air, especially around a water-works plant! From 
the standpoint of economy and the quality of the products, we should 
hurry to recognize the symptoms of corrosion in its early stages and 
apply treatment at once. 

Let us pause for a moment to survey a few water-plant installa- 
tions that must be protected from the inroads of corrosion: 


(1) Plumbing Lines—such as steam lines, returns, water 
and sewer lines, pipe hangers, in fact all steel and, in many 
cases, cast-iron piping exposed to all conditions. All ground 
water contains chemicals, such as gypsum, sodium chloride, 
limestone and sodium bicarbonate, and pipe is often sub- 
jected to attack from carbon dioxide and oxygen gases. 
Storage Reservoirs—which may include all _substruc- 
tural equipment—such as elevated water tanks, hot- 
water storage tanks, compressed-air tanks and generating 
sets, compressors, clarifiers, flocculators, filter-bed piping, 
steel wash-water troughs and electrical conduits. 

Storage Tanks for Acids and Alkalis—those commonly used 
in the water-works industry, such as chlorine, sulfuric acid, 
caustic soda, ammonia, alum, potash and many others. 
The Maintenance of Concrete Installations—such as sedi- 
mentation basins, filter beds, filter troughs and concrete 
floors, walls and ceilings. These may require a protective 
coating for the sake of prevention of erosion, waterproofing 
and appearance. 
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(5) Last but not least, let us not forget the many metal and 
concrete exposures in the construction of dams that require 
corrosion protection, such as Tainter gates, drum gates and 

outlet conduits. 


Research in the field of corrosion materials and erosion of con- 
crete has developed many forms of “cure-alls” and preventatives. I 
am confident, however, that we are all agreed that an effective, cold- 
applied protective coating would be the most economical solution for 
the protection of both steel and concrete interiors and is believed to 
be the best method for protecting surface exteriors. 

Naturally, such a protective coating, to be used as a lining, in 
most cases must be odorless, tasteless and non-toxic, must be imper- 
vious to and insoluble in water, most mineral acids, alkalis and salt 
and must have exceptional abrasion resistance. It must be easily 
adaptable to field applications, fool-proof as to method of application 
and economical in cost. Few oil-base paints, if any, can meet such 
rigid requirements. Thus, the idea of applying a corrosion-resistant, 
non-water wet plastic material to a surface, the same as one would 
paint, has aroused the imagination of every engineer who has had 
the time and the inclination to give it a second thought. 

In the development of plastics for protective coatings, not one, 
but a combination of synthetic, organic plastics is the base substance. 
There are innumerable chemically resistant resins available but the 
ones which appear to show the most promise to the water-works in- 
dustry to date are as follows: 

First are the vinyl resins, made by Bakelite Corp. under the 
name “Vinylite’. There are several of these, most of which are 
copolymers of vinyl chloride and vinyl acetate. One which is believed 
to have a major use in the water-works field is composed of approxi- 
mately 87% vinyl chloride and 12% to 13% vinyl acetate. This 
combination has excellent coating characteristics, making a tough, 
strong film, which is both water-resistant and resistant to most cor- 
rosive chemicals. 

The second materials are the Geon resins, made by B. F. Good- 
rich Co., which are polymers of vinyl chloride or copolymers of vinyl 
chloride and vinylidine chloride. These materials are also good film- 
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formers and have excellent water and chemical resistance but are 
somewhat more difficult to handle than the vinylite resins. 

The third are the Saran resins, made by Dow Chemical Co. 
These are also copolymers of vinylidine chloride and they have con- 
siderably more water- and moisture-transmission resistance. These 
have excellent characteristics. 

The fourth is a comparatively new resin, Polyethylene, made 
by Bakelite Corp. and E. I. duPont de Nemours & Co., which may 
have some application to the water-works field, since again it has 
excellent water and chemical resistance. It presents some difficulties, 
however, since it is not soluble in any solvent at normal temperatures, 
neither can it be applied as a film in a satisfactory way. It is com- 
monly fabricated as an extruded or calendared sheet or in a similar 
form. 

The fifth is Polystyrene, which is made by a number of com- 
panies, the largest of which are Dow and Bakelite. There are some 
surface coatings that are made from this material but its major use 
has been in molded objects. It has zero water absorption and ex- 
tremely fine chemical resistance. As a film former, however, up to 
the present time, it has been found to be poor because, when precipi- 
tated from solvents, it has a tendency to craze. 

The sixth are some of the new Silicon resins manufactured by 
Dow-Corning Corp. They will not water-wet and have a very low 
moisture-transmission rate. During the war they were used on sensi- 
tive radar equipment as a coating to prevent moisture absorption, 
which could have reduced the efficiency of the electrical apparatus. 
These resins may at some future date, when the price is reduced, 
be applicable to the water-works field. 

The seventh are Baked Phenolics. These, too, are made by a 
number of companies, Bakelite being the major. Such surface coat- 
ings have excellent water resistance and have been tested for a num- 
ber of years in boiling water without any apparent effect on the coat- 
ings. They have good acid resistance and some of the newer types 
even have alkali resistance. They would make an excellent coating 
for steel water pipe, for instance. However, they must be applied 
in multiple coats and must be baked at temperatures up to 350° F. in 
order to be effective. 
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At the present stage of developments then it appears that the 
most important resins for use in the water-works field are the vinyl 
types, which include Vinylite, Geon and Saran. Each is extremely 
resistant to chemical reagents, such as acids and alkalis, and has very 
low water absorption. 

The manufacturers of Vinylite believe it to be probably the most 
versatile of all plastics and there is much to substantiate their belief. 
As examples—these resins are used in rigid sheet form for aircraft 
enclosures, automotive frost shields, slide rules and calculators, plating 
barrels, luggage and watch crystals. They are used in molding com- 
pounds for cosmetic containers, ice-cube trays, transcription records, 
wire-cable installations and tubing for breweries, hospitals and chemi- 
cal plants. As an application for surface coatings, these Vinylite 
resins are extensively used for can linings, pail, drum and tank-car 
linings, stop-off lacquers for electroplating, linings for washing-ma- 
chines, waterproofing finishes for tents, raincoats and shower curtains, 
and concrete swimming-pool finishes. 

The Geon resins, also being formulated basically from the vinyl 
resins, are used for similar conditions. Since they are impervious 
to oxidation, far superior to rubber in resistance to gas diffusion, 
waterproof, flexible and tough, Geon resins are used for hospital 
sheeting, oxygen tents, shower curtains and wearing apparel, such as 
shoes and foul-weather coatings. Their excellent chemical resistance 
makes them easily adaptable also as tank linings for corrosive chemi- 
cals and as protective coatings for electroplating equipment. 

As laboratory curiosities, the materials used in the formulating 
of vinyl resins have been known for over a hundred years. Yet it 
is only in the past 15 or 20 years that extensive raw-material sources 
and economical production methods have allowed the vinyl resins to 
be produced on a commercial basis. 

Carbide and Carbon Chemicals Corp. was first in the United 
States to manufacture the vinyl materials, which had been discovered 
by Regnault in 1838. These materials were introduced as Vinylite 
in 1928. In 1931 the B. F. Goodrich Co. introduced the first non- 
rigid vinyl-resin plastic. The Monsanto Chemical Co. and E. I. du- 
Pont entered the field with Carbide and Carbon in 1938 and the Dow 
Chemical Co. entered in 1940. 
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It should be pointed out that, while all of these resins have excep- 
tional chemical resistance, there are definite limitations to their use 
at elevated temperatures. They have been defined as thermoplastic 
materials, which tend to soften with heat. A protective coating made 
from a thermoplastic material will not be effective above its softening 
point, which varies from 140° F. to 200° F., depending upon grade 
of resin and type of pigmentation. 

In formulating surface coatings based on these synthetic resins, 
they must be cut with suitable solvents, such as ketones and aromatic 
hydrocarbons, and modified by the addition of pigments, fillers and 
additional dry resins. The ideal product must have fairly low evapora- 
tion rate, so that it can be easily handled. Yet it must dry fast enough 
so that the object can be readily put into use. 

These coatings dry solely by evaporation of the solvents and, 
when two, three or more coating solutions are applied one over the 
other, they solidify into a continuous sheet, which actually becomes 
a plastic protective coating for the surface to which it is applied. 

As a further departure from ordinary paint practice, these coat- 
ings contain no paint oils, yet form a tightly adhering film over either 
steel, concrete or wood, without the aid of either heat or pressure. 

Synthetic organic plastics as a class have a wide variety of prop- 
erties depending, of course, upon the substances from which they 
are derived. For example, could the vinyl resins be used in their 
native state without the addition of other materials, the coating would 
be impervious to almost any and all corrosive action, but the resins 
must be modified to fit them for use as a cold-applied coating and 
designed for specific requirements. It would be foolhardy to expect 
a coating that would normally be applied to protect surfaces from 
atmospheric weathering or chemical fumes, splash and overflow, to be 
utilized for constant immersion in strong chemicals, over long periods 
of time. For normal exposure to chemical fumes, splash and over- 
flow, and atmospheric weathering, a different kind of vinyl resin is 
used from that which would be employed for lining a tank for the 
transportation of caustic soda, 73% concentration at 230° F. 

Let us review a plastic coating system of multiple coats, designed 
especially as a maintenance coating to withstand chemical fumes, 
splash, severe atmospheric weathering and continuous exposure to 
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moisture. Such coatings present a smooth, dense, semi-glossy appear- 
ance. They are easy to repair, since the solvents in an added coating 
penetrate the previous one, to make a continuous unbroken film. They 
have excellent adhesion, especially where applied over a sandblasted 
surface, and it is often necessary to cut the base surface before the 
coating can be removed. They have fine weathering resistance and 
a very low moisture transfer. Such a system can be used for con- 
stant immersion in corrosive waters, whenever surface-preparation 
specifications include sandblasting. Mineral acid spillage and fumes 
to which they may be effectively subjected include mild hydrochloric, 
sulfuric and phosphoric, as well as organic acids, such as citric and 
lactic, in mild concentrations. The coatings are unaffected by such 
alkalis as sodium hydroxide and are particularly effective against 
caustic cleaning agents and sterilizing agents. Manufacturers of these 
coatings also claim that salts, such as sodium and calcium chloride, 
sodium sulfate and copper sulfate, have little or no effect on the 
coatings; also that they have excellent oil resistance and are not af- 
fected by ordinary gasoline, Diesel fuel, lubricating oil and similar 
hydrocarbons, nor by animal or vegetable oils. 

Next, let us consider other systems, which also, when applied in 
multiple coats, may produce a film approximately 0.15 in. thick. These 
coatings have characteristics of the basic resins ,which are impervious 
in constant immersion to mild concentrations of acids, alkalis and 
salts. They have been effectively used for a number of years as 
linings for tank cars and storage tanks for such products as wines, 
beverages, lactic acid, mild sulfuric acid and medicinal waters. They 
are not affected by constant immersion in alkalis, such as 10% am- 
monium hydroxide and calcium hydroxide, nor in salts, such as 10% 
ferrous chloride, potassium chloride and trisodium phosphate. These 
coating systems also have been exposed to constant immersion in 
distilled water, sea water and tap water for a number of years with- 
out any effect whatsoever upon the coating. 

The abrasion resistance of these vinyl-base coatings is one of 
their most outstanding qualities. Hydrostatic tests of a vinyl coating 
indicate a back-pressure resistance of 10 lb per sq in. Such coatings 
are employed as linings for all kinds of tanks in the food industry, 
for the storage of such products as grape juice, milk, olives and tomato 
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catsup. Millions of square feet of concrete and steel surfaces have 
been effectively protected with vinyl coatings for the storage of or- 
ganic materials, such as aviation gasoline, Diesel fuel and ammonia 
nitrate. Such coating systems are non-conductors of electric current 
and are highly resistant to electrolysis. 

There are other vinyl-base coating systems that have been found 
adaptable for constant immersion in concentrated mineral acids, most 
organic acids and caustic soda at 73% concentration, 230° F. 

All of these thermoplastic surface coatings have practically no 
water absorption and very little moisture transfer and are especially 
tough and non-inflammable. The finished products will not support 
combustion and will only char under intense heat. 

Application may also be made of thermoplastic vinyl-base coatings 
in lining form. The coating is applied over a sandblasted surface and 
bonded to the metal by a resin adhesive and the seams are then 
heat-sealed to form a continuous one-piece lining. 

The few years’ service record of this plastic, air-dried type 
of coating in the water-works industry indicates it should have long 
life. Typical applications lead us to this belief. 

First is the Gila and All-American Canals, built by the Bureau 
of Reclamation, where all the drum gates were coated with a vinyl- 
type resin-base material in 1940. The Colorado River water has a 
very high salt content, coupled with extreme weather conditions in 
the Yuma area. Upon inspection in 1945, the gates were found to 
be still in excellent condition. 

Another is a plastic-coating application on Tiger Creek flume 
for the Pacific Gas and Electric Co. Here again is a test which indi- 
cates the resistance of these coatings to water. The water in the 
flume has a zero hardness and a tendency to leach the calcium out of 
the concrete. At the time the test was made, the rocks from the 
cement were sticking out 14 in. to 2 in. Applied over a new concrete 
surface, the plastic coating was in its original condition after four 
years’ service. 

Again, on the Grand Coulee Dam, for the Bureau of Reclamation, 
this type of coating was applied to the steel pier plates, which are 
the areas at the end of the large drum gates where the steel water-seal 
operates. These steel plates were coated with a vinyl-base aluminum 
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coating and are still performing satisfactorily after approximately 


four years. It may be pointed out that this steel water-seal has been © 


working on the plastic-coating surface every time the drum gate is 
raised and lowered. As you can readily see, this area would be either 
fully immersed or in constant contact with water and at the same 
time would be subject to severe abrasion. 

Other applications of which the members of the plastic surface- 
coating field are justly proud include its application to an electric 
dredge on the West Coast in June, 1941, for protection against the 
corrosive action of the sea water. When this dredge was dry-docked 
in July, 1945, after four years, it was found that, underneath the 
mussels, barnacles and grass, the plastic coating remained intact and 
the steel beneath was bright and free from rust, while a similar area, 
coated at the same time with conventional marine paint, presented a 
completely etched, corroded area pitted, in some instances, to a depth 
of 1/16 in. 

Steel pontoons were coated more than a year ago and, after 
severe service up and down the Pacific Coast, the coatings were in 
excellent condition. 

Thus, a graphic picture has been revealed of the protective prop- 
erties of these vinyl-base plastic coatings which should, with economy, 
replace the conventional methods of protecting hulls against the cor- 
rosive action of sea water. 

To review briefly some of the kindred applications in the Middle 
West and the East, we can point to the application of these thermo- 
plastic coatings to Tainter gates and dam for the Wisconsin Public 
Service Corp. of Tomahawk, Wis., and to the elevated water tank 
for the Globe Co., Chicago, IIl., in which case the plastic-base material 
was applied directly over an oxidized red-lead primer. Still another 
example is the steel elevated water-tower at the City of Neenah, Wis. 
Also for the Permutit Co., New York, N. Y., these coatings have 
been effectively used for lining concrete storage tanks for de-ionized 
water at several large synthetic-rubber plants. 

Exactly how long the thermoplastic resin coatings will last, with- 
out additional treatment, obviously has not yet been fully determined. 
That the life of the coating can be extended by infrequent applica- 
tions of thin additional coats when necessary is a desirable feature. 
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The plastic surface-coating field’s claims for long life are based upon 
the fact that the synthetic organic resins are chemically inert and 
unaffected by aging and the filler materials are equally inert and 
long-lasting. The solvents used as vehicle leave the coated body 
upon application and do not depend upon oxidation for drying. 

Manufacturers of these surface coatings have so simplified the 
material that it is neither expensive nor complicated to apply. All of 
the solutions can be applied with standard paint-spray equipment and 
most can be applied by brush. 

Vinyl resins were among the most critical materials during the 
war and are credited with contributing much toward winning the 
war. Now that the “lid is off” as far as priorities of such materials 
are concerned, the test results made in both field and laboratory and 
extensive uses in industries with kindred corrosion and contamina- 
tion problems indicate that there is much to be expected from these 
coatings for use in water works. Yes, it is apparent that thermo- 
plastic surface coatings usher in a radical departure from old protec- 
tive-coating methods for steel, concrete and wood surfaces. They 
now stand ready to combat corrosion problems that in the past have 
always been a problem in the water-works industry. 


DISCUSSION 


Rocer W. Esty (Danvers, Mass.). How hard a job is it to 
apply on cast-iron pipe fittings? 

ARTHUR B. SmitTH. It is not a hard job to apply it. You apply 
it the same as you would paint. The most important thing to re- 
member about the application of any of these vinyl-base coatings is 
the surface preparation. Of course that holds true with anything. 
But we do not beat around the bush and say you can apply it over 
any kind of a surface. It must be absolutely dry and it must be 
free of grease and dirt. For cast-iron pipe fittings, for example, I 
have seen it applied directly. All they did was to use some special 
cleaner and go ahead with the application the same as you would 
paint. 

Rocer W. Esty. How many coats would you suggest? 

ARTHUR B. SmitH. Three is the normal recommendation. 
RoceEr W. Esty. How long does it take to dry out? 
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ARTHUR B. SmitH. That is one of the most outstanding fea- 
tures of these coatings, because they dry by evaporation. They are 
dry to touch within fifteen minutes. But we usually allow an hour 
or two to dry between the coats. But a long drying period is desirable, 
when you are installing in a water district, before you immerse it. 

Donatp C. CALDERWoop (Nashua, N. H.). How expensive is 
it on the square-foot basis for applying to water tanks? 

ARTHUR B. SmiTH. On the square-foot basis, the cost of the 
materials is approximately—for the coating that I would recommend 
for the inside of a water tank—4 cents a square foot. 

Donatp C. CALDERWooD. That is for the material alone? 

ARTHUR B. SmitH. For the material alone. Of course, as far 
as your application is concerned, it is comparable to ordinary paint 
in cost of application. You might want to go to a little more pains 
as far as preparing the surface is concerned. 

Donatp C. CALDERWOOD. Is sand-blasting necessary, or is wire- 
brushing sufficient? 

ARTHUR B. SmituH. Sand-blasting is desirable in cases of con- 
stant immersion. For exterior surfaces it is not necessary to sand- 
blast. But where you are putting water inside the tank—where your 
coating is directly immersed in water—it is preferable to sand-blast. 

A Memser. Is it best to put this on by brush or by spray? 

ARTHUR B. SmitH. The best way is to put it on by spray, with 
a 360° nozzle, which continuously turns. You pull it through the pipe 
and the pipe is coated. 

Rocer W. Esty. How many applications in the pipe—three or 
four? 

ARTHUR B. SmitH. Three are preferable. 

RoceEr W. Esty. How long do you think they last? 

ARTHUR B. SmitH. You have me on the spot there. We really 
don’t have any way of knowing. We know that so far the service 
has been outstanding; that is, in so far as it has been used exten- 
sively in other industries for the past eight years, particularly on 
the West Coast. It is a subject that we could beat around the bush 
on a long time. But, as I state in the article, we believe it to be ever- 
lasting, because the resins used and the fillers used are known to be 
everlasting, and the service records that we have on these coatings, 
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which run anywhere from four to eight years, have proven that they 
will last that long, at least. 

A MEMBER. Under what temperature can it be applied? 

ARTHUR B. SmitH. That is a very good question. The tempera- 
tures should not exceed 160°, constantly immersed. For instance, in 
hot water it is not so good, because, being a thermoplastic, it will tend 
to soften under intense heat. So that, therefore, when you are using 
it above 160°, it is preferable that you test it first. 

A MEMBER. What about the temperature of the surface that you 
should apply to? Should it be applied to pipe down around 40°? 

ARTHUR B. SmitH. Oh, yes, you can apply down to 20° or in 
some cases even lower. It is being used in refrigerator cars at even 
lower than 20°. 

A MEMBER. How does the coefficient of expansion of the plastic 
compare with that of steel or copper? 

ARTHUR B. SmitH. It will expand very favorably with steel. An 
example of that is that it is being used by the General American 
Transportation Corp. for the lining of thousands of tank cars. Out- 
side are some samples that I can show you where you can bend the 
material all the way around to 180° and back as many times as you 
want. 

A MemBer. With wide temperature variations, would it expand 
readily with the steel to which it was applied? 

ARTHUR B. SmiTH. You mean, in atmospheric conditions? 

THE MEMBER. I mean an exposed lining, subject to temperature 
variations causing the expansion. 

ARTHUR B. Situ. Oh, yes. 

THE MEMBER. Would the plastic coating expand with it, or 
would there be some fracturing of the coating? 

ARTHUR B. SmitH. There is absolutely no fracturing of the 
coating. It will expand or contract, whatever the atmospheric weather 
conditions may happen to be. As a matter of fact, in one case I know 
of, it is being applied to a concrete dam by the Commonwealth Edi- 
son Co., where the temperature at night may be around zero and in 
the daytime it may be up around 70° or 80° on this particular project 


out West. 
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lining of the pipe by bituminous material, it is often necessary to 
whitewash the pipe to prevent the sagging of the lining. Is that 
necessary with plastic coatings? 

ARTHUR B. SmitH. NO, sir, it is not. The only preparation that 
is necessary for lining pipe is just to clean the surface as well as you 
possibly can. In the case of a material that we believe will be the 
most use to you in the water-works industry, it requires no primer, 
no body coat, no seal coat. It is a single solution, applied in mul- 
tiple coats, usually three. Of course, if you have tougher conditions, 
you would apply another coat. There are some systems which re- 
quire a prime, body and seal coat, and these three, for constant im- 
mersion, have been found to be quite excellent. 

A Memper. If the pipe is coated and then is stored in the sun, 
will the lining fall? 

ARTHUR B. SmitH. No. As a matter of fact, these coatings 
are being used for just nothing but pipes which are exposed to atmos- 
pheric weather conditions. 

THE MEMBER. I mean pipe lined on the inside. 

ARTHUR B. SmitH. No, not pipe lined on the inside. 

Haro_p W. GRiswoLp. There are some electrical test devices 
for linings, spun linings, bituminous material, particularly such as is 
used on the Pacific Coast. I think those tests were high-voltage tests 
between the brush and the material of the pipe, and they were used 
to detect pinholes in the lining. Has that sort of test been applied 
to your material as yet? 

ARTHUR B. SmitH. Oh, yes, in a number of cases it has. The 
vinyl resins are basically porous but we get away from that by using 
a sealer—that is, in the particular material that I have reference to 
now. On the prime, body and seal coats, for instance, the prime 
coat serves as nothing but something to cling to. Then the body 
coat is composed of a lot of fine silica and vinyl resins—you can see 
them through the microscope, you can see a thin film on there. Then 
you have to do something with the surface because of your silica, 
so that you apply your seal coat, which fills up the pores. There 
have been any number of tests made of plastic materials for porosity. 

One thing I did not mention which might be of some interest to 
most of you is this: Not so long ago the Army tested 100 different 
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materials in the country for the lining of potable water tanks and 
fuel-oil tanks of all descriptions. The viny! coatings were 1, 2 and 
3 on the list and, as a result, specifications were written around the 
vinyl-type coatings for all of their installations. 

Rocer W. Esty. About how expensive is it? 

ARTHUR B. SmitH. In quantity lots on a gallon basis it is ap- 
proximately $4.00 a gallon. That is for maintenance material. Where 
you have exposure to mineral acids, salts and that sort of thing— 
constantly immersed, that is—the expense may be about $5.50 or 
$6.00 a gallon. But they are all designed for specific purposes. We 
do not say that the maintenance coating is adaptable for the lining 
of anything except water tanks. It is all right for that. 

A MEMBER. Do these coatings have to be put on by special 
agents or can the ordinary water-works operator have them applied? 

ARTHUR B. SmitH. Anybody who can use a spray gun or a 
brush can put them on. They do not require anything special in any 
way whatsoever. 

A Memeer. If this dries in fifteen minutes, aren’t you going 
to get a loss by evaporation in the can itself, and won’t you soon have 
to add a vehicle to it when you open the can? 

ARTHUR B. SmitH. No, you don’t have to add anything to it. 
Of course, in the case of any material, if you leave the top of the 
can off for a long time, some of these solvents will evaporate. In 
that case, the only thing you do is to add some additional solvent, 
which is always available. That is the same material that is in there 
originally. Then you would never use over a pint of solvent to 
a gallon. It may be sort of a phenomenon, because of the fact that 
it is not harmed by evaporation. You would think that, if you had 
a bucket open here for three or four hours, all the solvents would be 
gone, but that is not true. You may never have to use any solvent. 
As a matter of fact, we hope you never do, because it reduces the film 
thickness that you are applying. 
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WATER-SUPPLY PRACTICE IN GERMANY—1945 
BY ARTHUR E. GORMAN* 


[Read February 28, 1946.) 


As a member of a civilian team of technical investigators, or- 
ganized to serve under the Combined Intelligence Sub-Committee 
G-2 of the Army and to report on new developments in German utility 
practices, the writer had an unusual opportunity to observe water 
utility systems in that country immediately in the wake of World War 
No. 2. The purpose of this paper is to record some of these observa- 
tions which may be of special interest to American water works 
operators. 

The period of investigations in Germany was fourteen weeks 
starting June 1, 1945. The targets visited included 14 public water 
systems and four large war production plants. The latter included 


two munitions plants, one chemical plant and one synthetic rubber 
plant. Conferences were also held with consulting engineers, govern- 
ment officials, plant operators and equipment manufacturers. 


War MAINTENANCE AND OPERATION 


Considering the extreme conditions under which German water 
utility systems were compelled to operate during the war, my general 
impression was that the technical design and operation of these sys- 
tems were good. As might be expected, the newer developments and 
the best equipment were observed in plants serving German war pro- 
duction. Apparently these plants were given relatively high priorities 
with which to obtain material and manpower. As in this country 
during the war, public utility construction was definitely limited to 
assure war production. However, there was evidence that operators 
of these systems were supported by allotment of material and equip- 
ment for maintenance and emergency facilities, including those built 
for protection of major units against bombing and for purposes of 
camouflage. 


*Consultant, Office of Surplus Property Utilization, 2231 California St., N. W., Washington, D. C.; 
formerly Director, Water Division, Office of War Utilities, War Production Board. 
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VULNERABILITY OF UTILITIES 


German water and power utilities were vulnerable to destruction 
by bombing. In many cases water from the various sources is brought 
to a central well adjacent to a low-lift pumping station. The housing 
over these structures could readily be detected from the air. In 
effect, they are on the jugular vein of the system. Their destruction 
would result in immediate interruption of supply to that system. 
Strangely, in spite of their vulnerability, selective bombing of central 
collecting wells and pumping stations in German water plants was 
not carried out by either the American or British air forces. 

The destruction observed in German water systems was espe- 
cially heavy in the transmission and distribution systems. Much of 
this destruction occurred in the late months of the war, when aerial 
bombing was most intensive. German water works operators ex- 
pressed surprise that allied air forces followed a policy of intensive 
bombing of war production plants, when periodic destruction of water 
works intakes or pumping stations would have effectively stopped 
production at these plants. Such major war-production items as 
synthetic gasoline, rubber, chemicals and munitions require heat-ex- 
change units which use large volumes of water. An interruption of 
supply would necessitate a shut-down of operations. 


ATTEMPTS TO CAMOUFLAGE SYSTEMS 


Realizing the vulnerability of water supply and pumping units 
at such plants, the Germans resorted to various methods of decep- 
tion. One which was quite successful at two munitions plants was 
to house the water pumping and treatment facilities in separate build- 
ings, which resembled typical German farm houses. Such plants were 
frequently built in wooded areas. If the utility buildings were ex- 
posed, they were so grouped and served by access roads as to resemble 
rural houses with their typical stone or stucco exteriors and red tiled 
roofs. In one acid-recovery plant in a heavily wooded area, a steel 
stack was painted green and was equipped with a telescope device, 
which would permit lowering to tree height when bombers approached. 
Buildings were half underground and half above ground, with flat- 
slab roofs covered with top soil in which grass, shrubbery and small 
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trees were planted for camouflage. Edges of the roof were saw- 
tooth, to cast shadows similar to those of the surrounding fir trees. 
These plants were operated partly by slave labor and, in the days 
following liberation, the freed laborers destroyed much operating 
equipment and many records. At the Bremen water works, camou- 
flage of the open settling basins and slow sand filters apparently 
attracted the attention of our air reconnaissance officers, because 
this plant was heavily damaged by aerial bombing. At the time of 
inspection—July, 1945—one of the two settling basins, eleven of 
twenty-two slow sand filters and one of two filtered-water storage 
reservoirs were out of service for repairs. Had it not been that about 
one-half of the water supply of Bremen is obtained through a large 
gravity transmission main from an impounded supply in the Harz 
Mountains, this city would have been almost entirely out of water 
for a long period. As discussed later in this paper, water service in 
that city suffered heavily, both from American and British bombing 
and also as a result of demolition by German army engineers. 


SOURCES OF SUPPLY 


In considering German water works operation in comparison with 
American practice, one must consider that the per-capita use of water 
in that country is low. It varies in the larger cities from 40 to 60 
gal per day or about one-third the normal use in our cities. About 
75% of German public water supplies are from ground sources. These 
include deep and shallow wells, springs and infiltration galleries. Sur- 
face water is stored in open reservoirs typical of those used to supply 
water to large cities in New England. River supplies in Germany 
are filtered, either naturally by percolation through sand and gravel 
substrata to infiltration galleries or artificially in slow or rapid sand 
filters—in the latter case usually without chemical treatment. 

Wells 

Much of Germany is underlain with an almost inexhaustible 
supply of cool, clear ground water. The drain of war production on 
underground well supplies in that country was not serious, as was 
the case in many local areas in the United States. The shallow type 
of wells predominates. Usually they are hand- or machine-dug, 40 
to 60 ft in depth. They are lined with stone, brick and pre-cast 
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concrete. Before the war, well screens of copper alloy were most 
common. Since the war, because of the shortage of copper, screens 
have been made of steel covered with rubber, of fluted glazed ceramic 
material and of oak wood. Spacing of wells varies widely depend- 
ing on local conditions. The more frequent spacing ranges from 60 
to 120 ft. At the head of each well is a valve box of brick or con- 
crete with locked cover, flush with or just above the surface of the 
ground. Wells are connected by a cast-iron header system leading 
to a central collecting well, from which the water is pumped for treat- 
ment. The header system is usually under negative pressure main- 
tained by a vacuum pump, the head depending on the rate of with- 
drawal desired. Deep wells vary in depth from 300 to 1500 ft. 
Usually they are operated as separate units. Deep-well pumps ob- 
served were of the series-impeller and submerged-pump-and-motor 
types. 

In Germany ground waters often contain objectionable amounts 
of carbon dioxide, iron and manganese in solution and, therefore, must 
be treated. 


Carbon dioxide is removed by passing the water in part or whole 
through tanks containing milk of lime. The Biicher process, in which 
hydrated lime is added to the reaction tank in proportion to the flow of 
the water to be treated, was used in most of the plants visited. The 
precipitated calcium carbonate is discharged intermittently from the 
settling cone to the sewer. Treatment to reduce carbon dioxide has 
been carried out in Germany since it was shown that the Leipzig 
lead-poisoning outbreak was the result of action of water high in 
carbon dioxide on lead in service pipes. In this outbreak there were 
50 severe and 200 mild cases of lead poisoning. 


Soluble iron (2.0 — 0.5 ppm) is removed to 0.05 ppm by aeration, 
settling and filtration. The water is pumped to various types of 
distributors, from which it trickles down over staggered brick aerators 
about seven feet high and is then collected in settling basins, either 
under or adjacent to the aerators. At intervals of about six years, 
the bricks are cleaned; the oxidized iron is removed by air drying 
and wire brushing. With one to two hours’ retention after aeration, 
75% of the iron is removed before filtration. Filters are of rapid 
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and slow, gravity and pressure types, using sand as the filter media. 
Rates of filtration are in line with American practice. 

Manganese (1.0 ppm and higher) is removed from German 
waters by filtration in gravity or pressure filters in which the filter 
medium is a calcined dolomite. It resembles crushed pottery clay, 
is very porous and consists of calcium and magnesium oxides and 
carbonates. The medium must be replaced about every six to eight 


years. 


Infiltration Galleries 


In Germany infiltration galleries are commonly used for the col- 
lection of water for public systems. ‘They are of three types: (1) 
galleries adjacent to rivers or artificial recharge areas; (2) galleries 
cut into the sides of hills or mountains to intercept the flow of water 
through seams in rock, and (3) galleries in artificially built collecting 
areas between hills. 

At Essen in the lower Ruhr Valley, the infiltration galleries are 
parallel to the river and about 30 ft deep. The pipes are of steel and 
reinforced concrete and are perforated or slotted to collect the water 
which infiltrates into the sand and gravel in which they are set. Part 
of the water reaches the galleries by natural infiltration from the 
river. To supplement this, long narrow basins of reinforced concrete 
have been built in the low area back from the river, which has settled 
because of coal removal from below. These open-bottom basins are 
filled with 4 to 6 ft of sand and are flooded by direct flow from the 
river. In effect, they are slow sand filters built over or adjacent to 
the galleries. When the filters are clogged they are raked and the 
dirty sand is piled and removed. Replacement of filter sand is neces- 
sary at about 8-year intervals. Because of proximity to the Ruhr 
River, the area at Stelle where the filters and galleries are located, 
from which water is supplied to the city of Essen and vicinity, had 
been heavily mined by the German engineers. Several water works 
employees at work in the filter area had been killed by explosions 
of these mines. 

At Hagen in the Upper Ruhr, a modern rapid sand filter plant 
was constructed to permit increased output from the infiltration 
galleries. By applying filtered water to the slow sand filters they 
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were able to recharge the galleries at high rates and with less man- 
power. Prior to the construction of the rapid sand filter, difficulty 
had been experienced in getting enough water to the galleries by 
natural percolation from the river or through the slow sand filters, 
during periods when algae were prolific in the river water. The tem- 
perature of the water in the infiltration galleries along the Ruhr 
fluctuates seasonally, being slightly less than that in the river. 

The system of infiltration galleries which supplies water for 
the city of Munich is most interesting. About 20 miles south of the 
city, in the foothills of the Bavarian Alps the city has developed a 
series of infiltration galleries in the Mangfall Valley. The collecting 
galleries are semi-elliptical in section and are about 3 ft wide by 
5 ft high. They are constructed of open-jointed stone and brick and 
also of concrete with slots in the sides and top, through which the 
ground water can enter the galleries. Some of the galleries are in 
the river valley and others are cut into the rock of the hills to inter- 
cept the underground flow. The water is clear and has a temperature 
the year round between 40° and 50° F. In one case, the water 
from a series of radial galleries is discharged into a central collecting 
well, lined with white tile. Flow to the terminal storage reservoirs 
near the city is by gravity, through steel and reinforced concrete trans- 
mission mains, and is measured and controlled at a Venturi chamber 
near the head works. 

At the Ranna works supplying about one-half the water to Niirn- 
berg, a novel infiltration gallery has recently been built. A swamp 
caused by outcrop water between two hills about 30 miles northeast 
of the city was excavated to a depth of 25 ft, back-filled with gravel 
and covered by a concrete slab. In the gravel two 30-inch collecting 
pipes were placed, which deliver the intercepted water to a storage 
reservoir and control works. Over the concrete slab sand and black 
dirt were placed and plantings were made to conceal the collecting 
gallery. A supplemental supply was obtained from an infiltration 
tunnel, similar to those of Munich, extending 1500 ft into a moun- 
tain to intercept an underground flow of water discovered by explora- 
tion. 

The quality of the water from the Munich and Niirnberg in- 
filtration systems is good and no further treatment, except chlorina- 
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tion in the terminal reservoirs, is necessary. The advantage of having 
a source of supply producing a clear and uniformly cool water, free 
of algae, is obvious. Unfortunately time did not permit a study 
of the economics of the Munich and Niirnberg systems of infiltration 
galleries, on which comparisons as to cost with other systems of sur- 
face storage could be made. The higher per-capita use of water in 
the United States might make the cost of developing infiltration 
galleries too expensive for acceptance here. Nevertheless, this aspect 
of German water-supply engineering was most interesting and is 
worthy of further study. 


Surface Supplies 


Storage of surface water collected from sparsely settled and 
wooded areas, as is practiced by New York and Boston, is also car- 
ried out in Germany but, before such water is supplied to consumers, 
it is filtered. Examples of surface storage were the reservoirs of the 
Harz Mountain Water District, organized by the Province of Hanover 
to supply water to a score or more of cities and villages between 
Osterode and Bremen and, on the east side of the province, to Bruns- 
wick and many other villages along the route of the transmission 
main. The two dams are known as the Sdsetalsperre and the Eckert- 
alsperre. A private water company known as Wasserwerke Land- 
kreiss Aachen has two impounding reservoirs in the hilly wooded area 
southeast of Aachen. From these reservoirs water is supplied mostly 
by gravity to the coal mines and industrial area of 750 square miles 
east and north of that city. Through an elaborate system of pipes and 
storage reservoirs, water is supplied to more than forty villages and 
towns, including such cities as Stolberg, Eschweiler, Elendorf and part 
of Aachen, and is even transmitted across the border into Holland. 
The Haspetalsperre dam and reservoir on the Ruhr, above the city 
of Hagen, furnish another example of storage of surface water for 
public water supply as well as for control of the flow of that river 
for sanitary and power purposes. 

The dams across the valleys to permit development of these 
reservoirs are of concrete and stone construction and were well main- 
tained. Because of the serious destruction to the Mohne dam on 
the upper Ruhr by the British air raid of May 17, 1943, the Ger- 
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mans had lowered the water level in all large storage reservoirs. At 
the time of our visit there was some concern that a deficiency in 
rainfall would cause a serious shortage of supply. The Mohne dam 
had been repaired but the destruction in the valley below, caused by 
the onrush of water released through the breach in the dam, was 
clearly evident. At the Hagen filtration plant, below the Hengstey 
See and about 30 miles downstream from the Moéhne dam, the flood- 
water mark could be seen on the side of the building, about five feet 
above ground level. 
WATER TREATMENT 


Rapid Sand Filters 


German rapid sand filter plants of the gravity type were visited 
at Hagen, Wulzdorf near Bremerhaven, Osterode and Stuttgart and 
at large war production plants at Schkopau, Leuna and Helsa. With 
the exception of the one at Osterode, these plants had been built with- 
in the past decade. They were well designed and were equipped with 
modern control facilities. The most interesting features were the 
absence of overhead wash-water troughs, the design of the filter bot- 
toms and strainer systems and the use of air and water for back- 
washing. 

In Germany, manufacturers design and build water works struc- 
tures and facilities. The two most important types of rapid sand 
filters are known as the WABAG and the BAMAG types. Filter 
plants are constructed with either central or side galleries (see 
Figure 1). The filters are two to three times as long as they are 
wide, the narrow side being parallel to the gallery. Raw water enters 
a long inlet channel on one side of each filter. When washing, this 
channel also serves as an outlet channel, discharging to a sewer in 
the gallery or at the far side of the filter from the gallery. Between 
pairs of filters there is also a common deep wash-water channel. 
Since filters are about eight feet wide, the travel of wash water from 
the center of a filter to the wash-water channel is not over four feet. 

The WABAG filter bottom, shown in Figure 2, is made up of a 
series of pre-cast reinforced concrete slabs, about 6 in. thick, 18 in. 
wide and 36 in. long. Into threaded holes in the slab, spaced about 
334 in. on centers, special copper or glazed porcelain strainer heads 
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are screwed. Each strainer has an extension nipple protruding into 
the space below the slab, a distance of about six inches. When a 
filter is to be washed, compressed air is pumped into the space under ' 
the slab and enters the filter through the strainer extension pipe and : 
head. Water is then pumped into the space below the slab and the 
filter is back-washed with a mixture of air and water. The air which ; 
is compressed in the upper part of the space under the slab enters the 
strainer extension pipe through a slot or holes in the side. Finally, 
to free the filter of entrained air, it is washed with water only. This 
type of filter has no gravel bed, the sand being placed directly over 
the strainers. The depth of sand is about 6 ft. The sand size varies 
from 1.0 to 0.6 mm. Such filters were being used with and without 
pre-treatment. At the Buna-Werke at Schkopau, where Salle River 
water was treated, the settling time was only one hour and no chemi- 
cals were used for coagulation. At other plants chemicals were used 
only when the water was turbid. Often there was no provision for 
pre-settling. Operators reported freedom from mud-ball difficulties 
and were well satisfied with results obtained from these filters. 

The BAMAG filters, while similar to the WABAG plants in gen- 
eral layout and arrangement of inlet and wash-water channels, use 
a pipe manifold with porcelain nozzles for wash water. The distribu- 
tor pipes are placed on coarse gravel, about one foot from the filter- 
box floor. The pipe grid for the air wash is set in finer gravel, about 
10 in. above the wash-water distributors and midway between them. 
The sand depth above the gravel is about four feet. Its size is similar 
to that in the WABAG filters. Design rates for both filters are in 
line with American practice. 

Rapid sand filters of the steel-tub type with mechanical rakes 
were seen at Charlottenburg, a suburb of Berlin. 


Slow Sand Filters 


Slow sand filters were seen at Bremen and Halle, as well as at 
the Probstheide and Thekla plants in Leipzig and the Tegel and 
Miiggelsee plants in Berlin. Except at Bremen, the filters were 
covered and were operated to remove iron from ground water after 
aeration and settling. The filters at Bremen were open and treated 
Weser River water after 24 hours’ settling—normally without chemi- 
cal treatment. 
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I was surprised at the number of new steel pressure filters seen 
in Germany, especially in view of the reported shortage of steel dur- 
ing the war. They were used for iron and manganese removal, as 
well as for roughing filters in lieu of settling, where production from 
rapid sand filters was restricted when algae were numerous in raw 
water supplies. Pressure filters were common in war production 
plants. They were single-, double- and triple-decked and ranged in 
diameter from about three to six feet. 


Chemical Handling and Mixing 


With the exception of that collected from infiltration galleries, 
most of the water supplied in the German cities visited was filtered. 
In general, operation and maintenance of these plants were good. 
The use of coagulants was the exception rather than the rule. Several 
plants which normally do not coagulate the water prior to filtration 
use aluminum sulphate when the raw water is highly turbid. Only 
one plant used any other coagulant. This was at a munitions plant 
in Ebenhausen, where Parr River water used for industrial purposes 
was coagulated with ferric chloride. At the same plant, well water 
for domestic use was treated with aluminum sulphate. 

Chemical handling, storage, mixing, measuring and conveying 
practices in Germany are similar to those in the United States. 
Handling in bulk is more by manual labor than by mechanical equip- 
ment. Cranes and conveyors were seen but no vacuum systems were 
observed. Batch mixing is common. Mechanical stirring is general. 
Measurement is both gravimetric and volumetric. Rotameters are 
used in many plants. Duplicate equipment is not unusual. Rates 
of application in proportion to flow are controlled both automatically 
and manually. 

Solution tanks are of steel, concrete and wood, with linings of 
hard and soft rubber, porcelain and wood. Chemical piping is made 
of lead, bakelite, plastics, hard rubber and steel with rubber or porce- 
lain linings. Chemical feed pumps are lined with bakelite and plastic. 
At the Osterode plant in the Harz Mountains, the chemical solution 
was filtered before being pumped to control devices. 

Slow mixing (10-20 minutes) by vertical mechanical stirrers is used 
in the BAMAG-type rapid sand filter plant at the Hagen Hengstey 
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See plant. Mixing is accomplished at the Hagen Haspetalsperre plant, 
of the WABAG type, by the hydraulic-jump principle. Around-the- 
end mixers are used at the Osterode plant. 


Softening 

The waters in German plants visited varied in hardness from 
10-20 ppm in the surface water to 500 ppm in well and river water 
at Stuttgart. The range of hardness for most of the shallow well 
waters was between 100 and 200 ppm. No treatment plants for 
softening were seen, except those for boiler feed-water and special 
processing at industrial plants, where zeolite softeners were used. 


Chlorination 


German water works operators do not give the attention to 
chlorination that is considered good practice in the United States. 
Ground waters are of good quality and do not require much chlorine. 
Usually from 0.1 to 0.2 ppm of chlorine is applied to the water enter- 
ing filtered-water reservoirs. Residual chlorine is rarely found in 
distribution systems. Except at Stuttgart, where super-chlorination 
and de-chlorination are practiced, the largest amount of chlorine ap- 
plied to filtered water was 0.6 ppm at the Tegel plant in Berlin. It is 
customary at this plant to use ammonium sulphate with the chlorine 
to form chloramines. The ratio of chlorine to ammonia used was 
2:1. An effort was made to carry about 0.4 ppm of residual chlora- 
mine in the reservoir from which water is pumped to the system. 

Chlorination equipment is not as well housed or maintained as 
in the United States. Separate rooms for the chlorine and the chlorine 
control equipment were rare. Use of chlorine in large-capacity con- 
tainers, equivalent to the ton containers so common in the United 
States, was observed at only two plants. Periodic weighing of cylin- 
ders, to check the operation of chlorine control equipment, was re- 
ported at only one or two plants. Hourly records of chlorine applied 
and residual tests are not customary. Duplicate chlorinating units 
were observed at several plants. Automatically controlled chlorina- 
tors were seen at one plant in Berlin and one at Osterode. The use 
of rotameters to measure the flow of chlorine gas was observed at 
several plants. 
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The Stuttgart water works had the most interesting chlorination 

plant seen by members of our party in Germany. Here super-chlorina- 
tion (5.0 to 9.0 ppm) is followed by de-chlorination through granular 
activated-carbon filters. De-chlorination was being practiced at only 
one other plant—in the drinking water system at the Buna-Werke 
at Schkopau, where the water was de-chlorinated by passing it through 
a granular carbon pressure filter. 


WATER QUALITY 


The quality of German water supplies as delivered to the con- 
sumer is generally good, although in many cities water is quite hard. 
Free carbon dioxide in well waters often ranges from 40 to 60 ppm. 
It is removed or reduced by treatment with milk of lime, as previously 
described. Iron is common in well waters, ranging from 0.5 to 2.0 
ppm. It is removed to less than 0.05 ppm and often to 0.02 or 0.01 
ppm. Manganese in well water may be as high as 1.0 ppm and is 
almost entirely removed by treatment. The hardness of German 
water is largely temporary or carbonate hardness, although there are 
exceptions where sulphate hardness is high. Public water supplies 
vary in degrees of hardness from 10 to 500 ppm, the more common 
range being from 100 to 200 ppm. German water supplies investi- 
gated had a pH range of 7.2 to 6.5. 

Micro-organisms of the types experienced in the United States are 
common in surface waters in Germany. Their growth is watched care- 
fully and plant treatments are adjusted accordingly. At no city was 
the use of algicides reported. Copper and copper compounds are 
expensive in Germany and were not readily available during the 
past decade. Biologic pollution of German water supplies at the 
source is not heavy, except where river water is used. Even without 
chlorination, the water produced at most plants after filtration is 
bacteriologically of good quality. In the plants of the larger cities, 
chemical and bacteriological laboratories are maintained and the 
technical control over the treatment is good. Public health officials 
also collect and analyze samples from the plants and the distribution 
systems. 
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TRANSMISSION MAINS 


German transmission mains are constructed of steel, cast iron, 
reinforced concrete and, in the case of gravity lines, pre-cast and cast- 
in-place concrete and three-ring brick. Sizes vary from about 12 to 
72 inches in effective diameter. Most German cities have multiple 
sources of supply and therefore many transmission mains. This 
gives wide flexibility in operation—an especially desirable condition 
under war conditions. But in spite of this, destruction of transmission 
mains by aerial bombing was heavy. At Leipzig, the Carnitz and 
Thallwitz plants in the Russian zone of occupation and the Naunhof 
plants in the American area could not supply the city, because of. 
damage to transmission lines by bombs dropped by American airmen 
just prior to occupation late in April. Fortunately, the reservoirs 
at the Probstheide plant in the city were full prior to the bombing. 
By rationing of water and use of supplemental supplies pumped in 
from suburban systems and emergency wells constructed at numerous 
points in the city, complete failure of water service was avoided. In 
addition to damage to the water transmission mains at Leipzig, bombs 
damaged the main pressure sewer to the broad-irrigation sewage farms 
in the suburbs and for many weeks it was necessary to discharge raw 
sewage to the Elster River. 

In Bremen destruction of transmission mains was especially seri- 
ous. The water filtration plant is in Neustadt across the Weser River 
from the main city. The five cast-iron and steel transmission mains 
crossed the river on three bridges. In addition, one large steel trans- 
mission main was laid under the river. As a result of American 
bombing, two of the bridge lines and the one under the river were 
broken and rendered useless. In demolishing the bridges the German 
engineers destroyed the other three mains, leaving the city without 
water, until American military engineers suspended steel mains across 
the demolished bridge spans. 

So intensive was the bombing in Niirnberg that all but one of six 
transmission mains were out of service when the American Army 
entered the city about the middle of May. 
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STORAGE RESERVOIRS 


Water storage reservoirs in Germany are usually covered and 
well concealed. They are of brick and concrete and are built in 
multiple units. The newer ones at Munich, Niirnberg and Kassel were 
most interesting and in appearance surpassed any I have seen in the 
United States. The Kreupullach Reservoir at Munich, of 262 mil gal 
capacity, built in 1937, was exceedingly attractive. In the white- 
tiled control room there was an electrically illuminated wall diagram, 
which showed by colored lights what valves were open, the elevation 
of water in each unit and the flow in and out of the reservoir. The 
interior finish of the reservoir was white. Ventilation was good and 
condensation at a minimum. An inspection gallery lined in white 
tile crossed the reservoir. Lights with white reflectors were numerous 
and, when they were turned on, the deep-blue color effect of the water 
was striking. Valves, gates, doors and operation mechanisms were of 
polished non-rusting steel. What a contrast they presented to the 
dark, damp, inaccessible, rust-streaked, poorly ventilated reservoirs 
so common in this country! 

Drainage from this reservoir was not wasted to the nearby stream 
but was discharged to a concrete basin in the valley, from which the 
water was discharged to wells to recharge the underground supply. 
Floating islands of logs, covered with top soil and small bushes, served 
to camouflage the open receiving basin by minimizing the surface 
area of the water. The underground Venturi- and valve-control cham- 
bers were also well camouflaged. They had ground-level access doors 
which, when unlocked, opened automatically because of counter- 
weights. Visitors were not permitted to enter the Schumhausenbuch 
Reservoir at Niirnberg, unless they wore felt shoes over their regular 
ones. A bomb dropped on the roof of this reservoir sheared a hole 
50 ft in diameter through the roof. 


ELEVATED TANKS 

Elevated steel tanks enclosed in stone and brick towers are com- 
mon in Germany. Many are artistically designed. Booster pumping 
stations at the street floor, with quarters for housing employees or 
for supply storage on upper floors, are not uncommon. Many were 
seriously damaged by bombing. 
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PuMPING EQUIPMENT 


In German water works steam- and electric-driven pumping units 
of many types are used. In low-lift pumping plants visited, more 
old steam crank-and-fly-wheel and triple-expansion pumping engines 
were used than is customary in the United States. High-pressure 
pumping equipment is of much more modern design. Motor- and 
steam-turbine-driven centrifugal pumps are common. The newer 
stations are well laid out and are equipped with modern control and 
recording equipment. In Berlin, standby Diesel engine generators 
were used at one of the large electric stations. Both hard coal and 
brown coal briquettes were used for fuel. Much more hand-firing 
of boilers was observed in the steam plants than in America. The 
larger stations were equipped with siokers. Stacks at power plants 
were not damaged by bombing unless there was a direct hit. 

Heavily reinforced concrete shells in inverted U and V shapes 
were set Over pumps and motors, in order to protect them against 
falling debris in case of bombing. Single and double heavily rein- 
forced concrete housings, cylindrical and rectangular in shape, with 
steel doors, were built in the operating rooms of water treatment and 
pumping plants to protect employees on duty. Special outside or 
underground air-raid shelters or “bunkers” were built for the protec- 
tion of other plant employees during periods of bombing. 


DISTRIBUTION SYSTEM 


The distribution systems of German water works are about 90% 
iron. During the war, steel was used to considerable extent for re- 
pairs. The sizes vary from about 31% to 39 inches in diameter. The 
most common sizes range from 4 to 10 inches. Pressures in the sys- 
tem vary from 25 to 70 lb per sq in. Damage to the distribution 
systems was extensive and temporary service through fire hose and 
rapid-joint steel pipe, laid on the surface, was resorted to after air 
raids. 

At Essen, where aerial bombing was heavy, 2.0% of the entire 
water distribution system was destroyed by bombing. Many sections 
of bombed cities were out of water for weeks. Frankly, after seeing 
the extent of damage to water mains and sewers in German cities and 
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realizing how little residual chlorine was being carried in the water 
in the distribution systems, it was a surprise to me that waterborne 
epidemics had not occurred in most large cities. Water was trans- 
ported in tank wagons and consumers were required to carry water 
in pails from temporary supply stations. 

Cast-iron pipe fractured easily in the area affected by bombs but 
breaks usually stopped at joints. German utilities carried large stocks 
of cast-iron and steel pipe for emergency repairs. A special mechani- 
cal joint with rubber gasket permitted quick replacement of damaged 
cast-iron pipe. This pipe is very popular with German water works 
engineers and has much to commend it to American engineers. Steel 
pipe was crumpled, twisted and ruptured by the impact of bombing. 
At Munich it was reported that, even after repairs had been made 
to steel pipe, leaks were found at various distances back from the 
bomb crater which required subsequent excavation for pipe repair 
or replacement. Apparently, with a direct hit by a bomb, a shock 
wave transmitted by the water created stresses which ruptured the 
pipe some distance from the point of impact. 

Some idea of the damage which bombing caused to German water 
distribution systems may be obtained from the following: 


War DAMAGE TO GERMAN WATER DISTRIBUTION SYSTEMS 


Pipe in system Breaks in 
(kilometers ) system 


Essen 1,000 2,000 
Munich 1,700 1,860 


City 


Bremen 1,200 1,200 
Niirnberg 670 1,200 
Halle 362 200 


Hagen 60 200 


Hydrants and Valves 


The most common fire hydrant used in Germany is the under- 
ground type. Access to the outlet and control valve is made possible 
by removing a cast-iron cover, set in a frame flush with the pavement. 
An extension pipe, 22 in. to 4 in. in diameter, with a bayonet-type 
fitting is slipped over the outlet and by twisting it is held firmly in 
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place. To allow flow to the hydrant, the valve is opened by a long key. 
Fire-hose connections are made to the extension pipe, which protrudes 
about 3 ft above ground. When service is no longer needed, the valve 
is closed and the extension pipe is removed. In cold climates these 
hydrants are difficult to maintain, because of freezing of the cover in 
place. 

German fire department officials prefer the above-ground hydrants 
which are similar to American hydrants. It was observed that the 
above-ground hydrants were numerous at all large German war plants. 
They were used around such new buildings as the I. G. Farben office 
building in Frankfurt, which was occupied by SHAEF and later by 
the ETUSA. These hydrants were also seen in the high-value prop- 
erty areas of large cities. German water works engineers expressed 
the opinion that these above-ground hydrants would eventually re- 
place the underground hydrants in large cities, even though their cost 
is two to three times that of the older hydrant. 

Valves in German water systems are well made and are similar 
to American manufacture. 

The location of both valves and hydrants is well identified in 
Germany by signs posted on the walls of nearby buildings. Enameled 
signs similar to automobile plates show by letters, arrows and num- 
bers the exact location of underground operating facilities and the 
size of the main they serve. At plants where multiple water systems 
are used, signs of various colors and borders serve to identify the 
different systems. Manhole covers are also identified by special mark- 
ings in the castings. 


Service Pipes and Meters 

Service pipes in Germany are of lead and galvanized iron. Cop- 
per is too rare for such use. All services are metered. Disc- and 
sleeve-type meters are common on domestic services. In-line rotary 
meters are used on larger ones. Plastic and pressed-fibre discs, rotors 
and gears are used in German water meters. 
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SUMMARY 


In conclusion, the following is a general summary of observations 
as to German water-works practice in 1945, as recorded above: 

1. Considering war conditions, German water utilities were well 
maintained and operated. 

2. German public and industrial water utilities were vulnerable 
but, in general, they were not made special targets in American and 
British bombing attacks. 

3. Destruction of German transmission and distribution piping 
by aerial bombing was very heavy, especially in the later months of 
the war. 

4. German water works designers and operators gave special 
attention to camouflaging plants and to protecting vital equipment 
and operating personnel against aerial bombing. 

5. About 75% of German public water-works systems depend 
on ground water for their source of supply. 

6. Treatment for removal of carbon dioxide, iron and man- 
ganese is common in Germany. 

7. The Germans use various types of infiltration galleries to 
obtain water for public supplies. The design and economics of these 
systems are worthy of study. 

8. The design of German rapid sand filter plants, especially in 
the use of air and water for filter washing and the design of inlet and 
wash-water channels and filter-underdrain systems, is most interesting. 

9. Chlorination practice in Germany is not up to American 
standards. 

10. Some of the newer storage reservoirs seen in Germany were 
superior in design and equipment to American structures of this type. 

11. In the large cities in Germany, pumping equipment compares 
favorably with American standards. A considerable quantity of old 
steam pumping equipment was being used. 

12. Distribution mains were seriously damaged by bombing. 
A special mechanical-type cast-iron pipe joint was very effective in 
making emergency repairs. 

13. While underground fire hydrants prevail in Germany, the 
trend is toward above-ground hydrants. 
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MATHEMATICS AS A TOOL IN THE WATER-WORKS 
LABORATORY 


BY HAROLD A. THOMAS, JR.* 


[Read at Chemists’ Round Table, February 28, 1946.] 


The Statistical Approach. Statistical methods are especially 
adapted to the analysis of quantitative data affected by many causes. 
The analytical data determined in the water-works laboratory can 
best be analyzed by the statistical method. This method deals with 
a series of observations of a kind that in general vary with time and 
which, in addition, cannot be made with complete precision, because 
of (1) fluctuations inherent in all sampling procedures, or (2) im- 
perfections in laboratory technique and method. The statistical ap- 
proach may be illustrated at the hand of an example as follows: 
Example 1. Color (ppm) in raw water, Biddeford, Me., water supply, 1939: 


Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Color, ppm 51 39 53 55 48 41 37 56 30 31 55 46 


Ave. color = 45 ppm. 


Analysis is facilitated by arrangement of the data in order of magnitude: 
30 st 37 39 41 46 48 51 53 55 55 56 


From this statistical array the cumulative frequency distribution may be drawn. 
The first item, 30, represents 100 ~ 12 = 8.33% of the total number of months and 
hence is plotted at the point, 8.33% and 30, on the graph (Fig. 1). Results for succes- 
sive months are plotted in order of magnitude, each at an ordinate 8.33% higher than 
the preceding, until the steps reach the 100% line as in Figure 1. 


equal to or less than stated 


% months when color was 


Color, ppm. 
Fic. 1. 


*Assistant Professor of Sanitary Engineering, Graduate School of Engineering, Harvard University, 
Cambridge, Mass. 
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MATHEMATICS AS TOOL IN 


A cumulative frequency distribution reveals the essential statisti- 
cal characteristics of a series. In general, two important properties 
of distribution are manifest. These are (I) a tendency of most of 
the items to be grouped in a central zone and (II) a dispersion of 
the remaining items at various distances from the central cluster— 
the smaller the dispersion, the steeper the steps in the diagram. Both 
of these properties must be adequately described in order to provide 
a satisfactory description of the series. The first property, that of 
defining the general location of the curve, is commonly given by two 
kinds of averages, the arithmetic mean and the median. Both of these 
quantities are represented on the cumulative frequency diagram. 

The arithmetic mean is proportional to the area over and to the 
left of the step diagram. In the example, this area is 4,500, and the 
mean is 45 ppm. 

The Median. The median is that point where the curve crosses 
the 50% line. As may be seen from the diagram, the median value 
of the foregoing series is 47 ppm. 

In many respects the median is a more useful measure of cen- 
tral tendency than the arithmetic mean. It is easily computed and 
is less affected by erratic, extreme items. The arithmetic mean, 
on the other hand, is greatly affected by extreme values and for some 
purposes renders a distorted, atypical representation of the data. 

Dispersion. The second property of the series, the dispersion, is 
measured by a number of quantities, the most useful of which are 
the variance and the standard deviation. ‘The variance is the sum 
of the squares of the deviations of the items from the arithmetic 
mean, divided by the number of items. The variance, s*, of the fore- 
going example, computed in accordance with this rule, is as follows: 


1 


The standard deviation, s, is the square root of the variance. It has 
the advantage of being measured in the same units as the items of the 
series and also the mean. In the example, 

5 = 9 ppm. 
The coe ficient of variation is defined as the standard deviation divided 
by the mean. In the example, 
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s/M = 9/45 = 0.20, or 20%. 
The mean and the standard deviation of a series provide a much 
more complete description of a series than is afforded by the mean 
alone. In rapid sand filter plants wherein color in raw water deter- 
mines coagulant dosage, and hence chemical costs, the mean color 
during a year (say) cannot be correlated perfectly with chemical costs. 
The mean color for two successive years at a plant may be nearly the 
same, but amounts of chemical used to obtain requisite purification 
may differ significantly during the two periods, if the standard devia- 
tions of color distribution are not the same. It is not only the overall 
average of color intensity but also the variation in color that deter- 
mines operating costs. 

The following approximate rules are useful in fixing ideas as to 
the meaning of the standard deviation, as a measure of the non-uni- 
formity of a series: 

I. About two-thirds of items (months) in typical series fall 

within an interval, M—stoM-+s. 
II. More than three-fourths of items in all series must fall within 
an interval M— 2s to M + 2s. 

Often in order to provide some notion as to the non-uniformity 
of a series, the range, defined as the maximum minus the minimum 
item, is stated in water works literature. The range manifestly is 
an imperfect and often inadequate measure of non-uniformity, because 
it is based upon only two observations and these represent extremes 
that are inherently erratic. However, in view of the widespread use 
of the range in water works literature, it is pertinent to point out 
the relationship of the range to the standard deviation. This rela- 
tionship for normal distributions is expressed in the following table: 

Number of Average value of ratio, 

items in series range to standard deviation 
3.08 
15 3.47 
3.74 
According to this table, the range in the series of the example would 
be expected to be 9X 3.1 = 28 ppm. The observed range, 56 — 30 = 
26, is in fair agreement with the expected value of 28 ppm. 
Error Analysis. The mean and the standard deviation are use- 
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ful in determining the magnitude and effect of errors inherent in 
laboratory procedures. When repetitive determinations are made 
from a single sample, the standard deviation of the resulting series is 
called the standard error. In precise measurement the standard error 
relative to the mean is a small quantity. 


Example 2. An experiment may be used to bring out the salient features of the 


<. 


distribution of results in replicative water-works laboratory determinations. The 
following counts were obtained on 15 plates made from a sample of raw water: 
147, 154, 123, 142, 141, 130, 149, 146, 161, 142, 173, 143, 151, 158, 183. 

In this series, the mean is 150 bact/ml and the standard deviation 14.7 bact/ml. 

Ordinarily, a distribution of plate counts of bacteria may be 
expected to yield a value of standard deviation about equal to the 
square root of the mean. Thus the expected standard deviation would 
be \/150 = 12.2 bact/ml. If the actwal standard error differs con- 
siderably from the expected value, it may be inferred that laboratory 
technique is at fault (insufficient shaking or inaccurate apportioning 
of sample upon plates, etc.). In the example, the actual standard 
error does not differ significantly from the expected value, and ade- 
quate technique may be presumed. 

Error of a Mean. If several sets of 15 plates each are tested from 
the same sample, it is not to be expected that the mean of each set 
will turn out to be exactly 150 bact/ml. Some variation in means 
would be expected, but it is intuitively felt that this variation will 
not be as large as the variation in the items from which the means 
are calculated. Experience indicates that the reliability of a mean, 
which is measured by the standard error of the mean, bears a direct 
relation to the standard deviation of the series. This relationship is 
stated in the following rule: 

The standard error of the mean of a series is the standard error of the 
series divided by the square root of the number of items— 

Va 

The standard error of the mean of the plate counts by this relation- 
ship is calculated as follows: 

Su = 14.7/\/15 = 3.8 bact/ml. 

In accordance with the definition of standard error (or deviation) 


su 
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there exists a better than fifty-fifty chance that the true mean lies 
between 146 and 154 bact/ml. 

The example, therefore, illustrates how the standard deviation 
may be used to establish the reliability of the mean. 

Reliability of Derived Quantities. Frequently it is desired to 
form a quantitative estimate of the cumulative effect upon an analyti- 
cal result of the individual errors involved in the determination. In a 
typical determination of a constituent of water, the individual errors 
may stem from (1) sampling; (2) inaccuracies in weighing, titration, 
preparation and manipulation of standard solutions and color stand- 
ards, and (3) inherent inaccuracies of the analytical method. In 
forming an estimate of the error in the final result, the following 
rules are useful: 

1. The standard error of a sum (or difference) is the sum of 
the standard errors in the individual items involved in the addition (or 
subtraction ). 

2. The relative standard error in a product or quotient is the 
sum of the relative standard errors of the items involved in the multi- 
plication (or division). 

With these rules, it is possible to form a quantitative estimate of 
the final overall error. The analysis is particularly useful in deter- 
mining the permissible share of error that may be made in each indi- 
vidual step of a laboratory procedure, so as to maintain the overall 
error of the result within desired limits. 


Example 3. The alkalinity of a finished water is measured by taking a 100-ml 
sample and adding N/50 sulfuric acid to methyl orange end-point. A total of 1.7 ml 
of acid is added before the pinkish color appears, denoting the titration end-point. 
The alkalinity of the sample is then calculated by the formula, 


..,. __ 30,000 (Vol. acid) X (Normality of acid) 
Alkalinity = (Vol. of Sample) 


1 
50,000(1.7) X (--) 
100 


I 


= 17 ppm 


Alkalinity 


Assume that the per cent standard errors of the various items entering into the 
calculation are as follows: 

(i) measurement of acid from burette, 6%; 

(ii) measurement of volume of sample, 2%; 

(iii) normality of standard acid, 4%. 
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Then, according to the rule for standard errors of products and quotients, the standard 
error of the determination is 6 + 2 + 4 = 12%. Accordingly, the alkalinity is 

17 + 0.12(17) = 17 + 2 ppm 
That is, a better than fifty-fifty chance exists that the true alkalinity lies in the range 


15 to 19 ppm. 
Comparison of Two Series. Using the mean and the standard 
deviation, it is possible to examine two similar series and ascertain 
whether they differ significantly. The water-works chemist may wish 
to compare the results of a determination of a water constituent 
using two different analytical procedures. In another instance he 
might desire to make laboratory studies to find out whether a longer 
period of mixing, after chemical dosage, would result in significantly 
better color removals from raw water. In all investigations of this 
sort, it is necessary to conduct two series of tests simultaneously, 
using each day the same raw water sample in both and noting results. 
Often it is found that a clear-cut distinction in results does not exist; 
sampling fluctuations may obscure the effect of the difference in treat- 
ment, so that a definitive answer is not forthcoming—at least in a 
reasonable length of time. In this event resort may be had to a 
statistical method that lends considerable aid to the judgment. The 


method is illustrated by an example. 

Example 4. It is desired to compare results obtained for the concentration of 
carbon dioxide, CO2, by two methods: 

(1) Usual method of titration to phenolphthalein end-point; and 

(2) Calculation of CO. from observed values of pH and alkalinity, using the 

carbonate-equilibrium equation. [Moore, Jour. A. W. W. A., 31, 51 (1939)] 

Results for CO. by the two methods for ten successive days are the following: 
Method (1)—titration: 10, 11, 8, 7, 12, 10, 9, 9, 7, 10; Ave. = 9.3 
Method (2)—calculation: 9, 9, 10, 9, 13, 8,11, 11, 7, 9; Ave. = 9.6 
It is seen that the average value by the second method exceeds that by the first. Can 
it safely be inferred from these results that the calculated value of CO, is higher than 
that given by direct measurement? In order to compare the two series statistically, 
it is necessary to calculate a quantity “t”’ as given by the following formula: 


where M,, M2, s: and s2 are the means and standard deviations of the two series and 
N is the number of items in each series. 


Numerical values are: 


M, = 93 = 1.55 
M, = 96 Sa = 1.62 NV = 10 
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Therefore, 


9.6 — 93 
t = ——— = 0.400. 


1.55° + 1.62° 
10—1 
The question of whether or not the two series differ significantly may then be 


decided by reference to the following table: 
VALUES OF t FOR A 95 Per Cent LEVEL OF SIGNIFICANCE 


N t N t N t 

2 2.92 y 1.78 12 1.72 
3 2.13 8 1.76 13 1.71 
4 1.94 9 1.75 14 1.71 
S 1.86 10 1.73 15 1.70 
6 1.81 11 1.72 16 1.70 


1.64 


From the formula for ¢, it is seen that the more divergent are the two series, the 
larger will be the value of t. If, for a given value of N, the calculated value of ¢ is 
less than the corresponding value in the table, then the difference in the two series 
may not be considered significant. In the example, the calculated value of t (0.4) is 
considerably less than that in the table (1.73) corresponding to N = 10. Hence the 
experiment definitely does not indicate a significant difference in the values obtained for 
carbon dioxide by the two methods. 

A somewhat more precise statement to the same effect may be made. On the basis 
of the hypothesis that the two methods do not differ significantly, only a 5 per cent 
chance exists that two series of N each will yield as high a value of ¢ as given in the 
table, due to the influence of random sampling fluctuations. 


Error analyses along the lines of Examples 2 and 3 may be ap- 
plied to most determinations made in water-works laboratories. Some 
determinations, however, are not amenable to simple calculation. 
Foremost among these is the evaluation of bacterial density from 
fermentation-tube tests according to the “most probable number” 
concept. 

Nomogram for Determination of “Most Probable Number” of 
Bacteria. An alignment chart has been developed to facilitate the 
evaluation of MPN values from all types of fermentation-tube tests 
involving three consecutive decimal dilutions. The chart may be ap- 
plied to tests with any number of tubes, both positive and negative in 
each of the three dilutions. The method is indicated by an example 
worked out upon the chart (Fig. 2). 

Use of Nomogram. The alignment chart may be applied to all 
tests with any number of tubes, both positive and negative, in each 
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Example: 
1 ml 
Total volume of sample = 3.02 ml. 
% volume in + tubes of 1-ml dilution = 100  2/3.02 = 66.2%. 
% volume in + tubes of 0.10-ml dilution = 100 X 0.5/3.02 = 16.6%. 
% volume in + tubes of 1-ml and 0.10-ml dilutions = 66.2% + 16.6 % = 82.8%. 
% volume in + tubes of 0.01-ml dilution = 100 X 0.01/3.02 = 0.33%. 


Draw a straight line (see dashed line on graph) connecting point 
16.6% on left-hand scale with point 82.8% on right-hand scale. Read 
the corresponding “most probable number” at intersection of straight 
line and curve (interpolated) for S = 0.33%. 

MPN = 0.83 bact in 0.10 ml or 

= 8.3 bact/ml 
Answer. 
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METROPOLITAN WATER DISTRICT FINANCING AND THE 
COST OF METROPOLITAN WATER 


BY KARL R. KENNISON* 
[Read March 21, 1946.] 


On September 25, 1941, the author presented to the Association 
a paper on the subject, “Water Charges to Municipalities in the 
Boston Area by the Metropolitan District Commission”. It was 
published in the Journal for December, 1941.t Changes have oc- 
curred since that time in the financial structure of the District, in 
the method of making assessments for water, and in the cost as 
measured by these assessments, some of which changes were pre- 
dicted and recommended in the original paper. In view of recent 
developments and the current wide interest on the part of many com- 
munities which could advantageously join the District, this is an 
opportune time to present further data, which will bring the matter 
up to date and which will explain the effect of recent legislation on 
the financial set-up. 

Late in 1941, a special legislative recess commission was ap- 
pointed, primarily to study the possibility of extending the use of the 
new water-supply sources to include additional municipalities. This 
recess commission held a number of hearings and collected a great deal 
of data. It determined that the principal obstacle to enlargement of 
the District was the cost of Metropolitan water, which at that time 
averaged nearly $90 per mil gal. This obstacle was a potent one, in 
spite of the fact that Chapter 727, enacted October 31, 1941, had 
materially reduced the entrance fees charged to new members and had 
provided for the assessment of stand-by charges against non-member 
towns having connections with the system, which incidentally was in 
line with suggestions by the author in his 1941 paper. 

The recess commission filed its report as House Document 1334 
of 1943. This report contains many items of interest, including an 


*Chief Engineer, Metropolitan District Water Supply Commission, 20 Somerset St., Boston, Mass. 
{This Journal, 55:4, 522, Dec., 1941. 
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analysis of the use to date made of the new Quabbin source, but for 
which the “bottom” would have been pulled out of Wachusett Reser- 
voir in 1941, and this in spite of the failure of the District to expand. 
One of the conclusions drawn was that the cost of Metropolitan water 
must be decreased to an average or base price not in excess of $60 
per mil gal before new members would be attracted to join and give 
up their local supplies. Legislation was proposed, but not passed, 
which would give such assurance to new members. Legislation was 
also proposed, but not passed, which, by annually issuing quasi-re- 
financing bonds to the extent that capital requirements may exceed 
the fixed sum of $2,750,000, would immediately reduce the base or 
average cost of water to about $60. Legislation was also proposed, 
but not passed, fixing the price for water delivered directly from 
the reservoir and aqueduct system: $45 from Quabbin Reservoir and 
$60 from the Wachusett-Sudbury system. 

The bill actually passed as a result of the recess commission’s pro- 
posals was Chapter 543, enacted June 12, 1943, which (1) extended 
eligibility to membership in the District from the 10-mile radius to the 
15-mile radius, to the extent that the District had extended or can rea- 
sonably extend its distribution system; (2) reduced the stand-by 
charge from 0.030 to 0.015 of one per cent of the valuation of any town 
capable of being supplied from the District’s distribution system 
which continues to be found by the Department of Public Health to 
have an inadequate supply or which continues to maintain a connec- 
tion; (3) eliminated entrance fees entirely in the case of towns join- 
ing and taking their entire supply from the District, and (4) fixed the 
price of water from the distribution system to eligible non-members 
at a $75 base, varied in accordance with the practice of proportioning 
2/3 on consumption and 1/3 on valuation. Although no addition of 
new members resulted from this legislation, widespread interest was 
aroused and several meetings were held in 1944 of a committee ap- 
pointed by the Governor, consisting of two representatives each from 
Boston, Cambridge, Newton, Belmont, Braintree, Brookline, Saugus 
and Westwood. Its first meeting was attended also by representatives 
from 35 other communities in the Metropolitan area. 

Two subcommittees, one on finance and one on technical matters, 
were appointed, consisting of representatives designated by four of 
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the municipalities most interested. The subcommittee on technical 
matters consisted of Thomas R. Camp of Cambridge, Chairman, 
Walter B. Bushway of Brookline, Robert P. Shea of Boston and the 
author, of Newton (the first two, in addition to the author, being 
members of this Association). This committee was largely concerned 
with legislative proposals which would induce towns taking their local 
supplies from the drainage area of the Charles River to abandon 
them in favor of the Metropolitan Water District and thus, inci- 
dentally, take an important first step in sweetening the waters of 
the Charles River Basin, in which all towns in the Metropolitan area 
are heavily involved financially. This subcommittee made many sug- 
gestions which were incorporated in the subsequent legislation, re- 
ferred to below. 

The subcommittee on finance consisted of Charles J. Fox of 
Boston, Chairman, Lucius T. Hill of Brookline, Clyde O. Ruggles 
of Cambridge and Clarence C. Colby of Newton. The work of this 
committee was more directly related to the subject of this paper. It 
made a thorough study of the possibility of effecting an immediate 
reduction in the average cost of water by annual bond issues under 
the methods which had been proposed the previous year by the recess 
commission. This subcommittee on finance made recommendations 
which differ in some respects from the legislation finally enacted. Its 
report is particularly important to our understanding of water district 
financing and is briefly abstracted as follows:— 

The failure of potential members to utilize the exceptional facilities now 
available is primarily due to the fact that the construction involved in developing 
the supply was financed by relatively short-term bonds. The new works are 
certainly as permanent as those making up the original District facilities and yet 
have been financed in the main by 30-year serial bonds with an average maturity 
of 15 years as compared with 40-year sinking-fund bonds for the old works. 
The heavy capital charges resulting from this ultra-conservative financing of the 
new works have placed the cost of water to members of the District at a con- 
siderably higher figure than the cost to non-members from their present inde- 
pendent systems. It is apparent that in order to induce these non-members to 
join the Metropolitan Water District steps must be taken to bring the cost of 
water furnished by the District to a level more closely approximating the present 
costs claimed by non-members. 

Since capital charges constitute the important factor in the cost figure of 
which non-members are critical, it would appear logical to take steps to reduce 
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the present effect of such charges on the annual assessment to members of the 
District. In view of the life of the improvements involved in these capital 
charges, such a step would merely be a desirable corrective in the original 
plan of financing. As stated in the report of the recess commission, the present 
generation is called upon under the current financing arrangement to finance 
works which will be available for many years without the future generations 
being properly assessed for the benefits derived. The question has been inves- 
tigated of the extent to which new bond issues can accomplish a reduction in 
the average or base cost per million gallons assessed against the various munici- 
palities in the Water District, on the assumption that new customers to the 
extent of about 25 mgd will be secured through lower water costs and that new 
construction bonds will be required in the aggregate sum of about $11,000,000 
for improvement of distribution facilities, in addition to those already authorized. 
The conclusions are that:— 


To reduce the cost Would have to be 
from the present $80, issued commencing 
more or less, per Bonds for this in 1946 and covering 
mil gal to purpose, aggregating a period of 
$55, 5 to 6 million dollars 10 to 11 years 
45, 22:to 23. “* 19 
40, 56: tac 37 240° 
35, About 58 “ About 50 “ 


The subcommittee is in agreement that it is financially impracticable to aim 
at an average or base cost of less than $45 per mil gal. 

Since the purpose of any plan of this sort is for the development of a wider 
use of the District’s sources of supply, any new bonds issued in this connection 
should definitely indicate this purpose; and to this end it is recommended that they 
be designated as Water-Use-Development Bonds. To emphasize further the true na- 
ture of this financing, the committee has deemed it desirable to make the commence- 
ment of this water-use-development program dependent upon the addition, to the 
ranks of those municipalities taking their entire supply from the District, of 
new members, or existing members, to the extent of 10 mgd measured in average 
consumption of water in the previous calendar year. In other words, the pro- 
gram which the committee has in mind will not go into effect until 10 mgd in 
new customers appears. For example:— 


If enough new customers 


for $45 water start the The aggregate amount of Covering a 
financing program in bonds required would be period of 
1946 22 to 23 million dollars 18 to 19 years 
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Based on the assumption that new customers to the extent of 10 mgd start 
the financing program off in 1946 and that in the next two or three years this 
new consumption will increase to about 25 mgd, it is estimated that, in order 
to reduce the base cost to $45, the criterion to be used by the State Treasurer 
in determining the amount of the new bonds should be the inclusion in the total 
annual assessment of capital charges limited to a sliding scale of $1,300,000 in 
1946, gradually increasing to a maximum of $2,000,000 in 1956. Failure of the 
estimated consumption to be realized will, of course, affect the cost per mil 
gal in direct proportion. For example, it will take a reduction of four or five 
mgd in the estimated total consumption to affect adversely the cost per mil gal 
by $1.00. 

Assessments for water on members of the District have heretofore been 
based two-thirds on water consumption and one-third on valuation. As _ this 
formula works out, municipalities of high valuation pay in some cases materially 
more than those with low valuation when expressed in terms of dollars per mil 
gal. Some municipalities pay, roughly, ten per cent less than the average 
cost, while others pay nearly fifty per cent more than the average cost. If the 
present method of apportioning were continued, the offer of $45 water to new 
members would tend to be ineffective, since the actual price to municipalities 
of high valuation would be considerably in excess of $45, thus militating against 
full attainment of the objectives sought. The committee feels that when this 
program starts the annual assessment should be based solely on consumption, 
which would mean uniform treatment for all members. 


In the meantime, the subcommittee on technical matters had in- 
cluded in its report certain recommendations which would affect the 
cost of Metropolitan water to municipalities like Cambridge, Newton 
and Brookline, and had considered the possibility that a portion of 
the local works of such municipalities might be taken over. In the 
event that they should take their entire supply from the District, it 
proposed that:— 


In order to make it convenient for the District to take over these works 
without the expenditure of actual funds, and for the communities to receive 
compensation in their water departments without the receipt of actual funds, 
compensation should be made in the form of credits on their annual District 
water assessments. It is proposed that the annual credits be fixed at a sum 
which will amortize the principal in 25 years at 114% interest. 


The subcommittee on finance called to the attention of the Gov- 
ernor’s Committee the fact that, with credits applied as suggested by 
the subcommittee on technical affairs, the taking over by the Dis- 
trict of certain local works of Cambridge, Newton and Brookline 
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could easily result in a material reduction to these municipalities from 
the recommended figure of $45 per mil gal, and that each million 
dollars of such gross credits amortized as suggested would add only 
about $0.60 per mil gal to the base or average cost throughout the 
District. 

After considering its subcommittees’ reports, the Governor’s 
Committee concurred in their recommendations, except that, in or- 
der to make the bid for new customers more effective, it concluded 
to propose legislation, further reducing the cost to $40 per mil gal, and 
furthermore proposed not only fixing this as a limit entirely inde- 
pendent of the total consumption in the District but also starting the 
program in 1946, regardless of whether or not any new customers 
should show up. 

The bill actually passed as a result of the recommendations of 
the Governor’s Committee was Chapter 587, enacted July 12, 1945, 
which (1) allows water supply connections between member and non- 
member towns without restriction and eliminates the stand-by charge 
to non-member towns, leaving the question of their connection with, and 
their supply from, the District’s distribution system entirely a matter 
of approval by the State Department of Public Health; (2) clarifies 
the liability of all new users to pay, over a period of 10 years, if 
desired, the cost of connection to the District’s distribution system; 
(3) eliminates any difference between the price of water to members 
and the price to non-members in the Metropolitan area; (4) provides 
for optional agreements between the District and towns which 
do enter, under which the Commission may acquire water supply 
works and lands of the town which are of value for any purposes 
of the Commission, its Sewerage and Parks Divisions as well as its 
Water Division (such works are to be taken over at cost, which if not 
agreed upon shall be determined by appraisal commissioners appointed 
by the Supreme Judicial Court); (5) provides that, whether or not 
such abandoned works are acquired by the District, they may be dis- 
posed of without restriction on account of prior dedication to water 
supply purposes; (6) provides that works so taken on account of 
their usefulness to the Sewerage or Parks Divisions of the Commission 
shall be compensated for by assessments upon the towns in the Sewer- 
age or Parks districts respectively, and not upon the towns in the 
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Water District; (7) makes adequate provision for the transfer to the 
Metropolitan District Commission, without loss of pay or impairment 
of civil service status, of employees from the Water Departments of 
towns whose facilities are abandoned upon entry into the District, 
and (8) provides for a reduction, commencing in 1946, in the water 
assessments, by issuing annually so-called Water-Use-Development 
Bonds, referred to above as quasi-refinancing bonds, so that the result 
is a fixed price of $40 per mil gal to all towns supplied from the dis- 
tribution system, regardless of how much they take and irrespective of 
valuation, which has formerly resulted in wide discrepancies in the 
rate per mil gal. The consumption basis of assessment continues, of 
necessity, to be the average rate of consumption during the previous 
calendar year, although the assessment is, as it always has been, in 
payment for use during the year of assessment. 

In answer to criticism, brought to the author’s attention, that the 
wording of the statute is misleading with respect to the certainty of 
the $40 price, suffice it to say that, although any excess cost would 
have to be assessed against the members of the district by the provi- 
sions of Sec. 26 of Chapter 92 of the General Laws, this possibility is 
eliminated by the new Section 26A, which ensures that there can 
be no excess over the $40 price. In substantiation thereof, the 
Attorney General, in a ruling given to the Metropolitan District Com- 
mission on March 11, 1946, states that “the price of water to members 
and municipalities eligible for membership in 1946, should be $40.00 
per million gallons measured by the consumption for the preceding 
year, as provided in said Section 26A.”” The present session of the 
legislature may clarify the statute but, on the basis of proposals filed 
to date, is not expected to alter the provisions as outlined above. Table 
12 shows the cost of Metropolitan water to the municipalities that are 
members of the Water District and the reduction effected by Chapter 
587 of 1945. 

It is a remarkable fact that the soundness of the Water District’s 
financial structure permits such a guarantee of $40 water. The ac- 
companying graphs illustrate what can reasonably be expected. The 
estimates for the future are based on an assumption that the present 
population of the 20 cities and towns now members of the Water 
District will increase from 1,558,287 in 1945 to a ceiling of 1,800,000 


q 


KENNISON. 169 


TasBLeE 12.—Cost oF METROPOLITAN WATER TO THE MUNICIPALITIES IN THE DISTRICT. 


Approx. cost per mil gal, 
using the previous year’s 
Assessment against Average mgd consumption, as is 
members of the taken from necessarily done when 
Water District District sources assessment is levied 
1945 1946 1945 1943 1944 1945 1946 
(tentative) 


Arlington $ 83,105 $ 35,721 2.447 $105 $40 
Belmont 66,502 25,756 1.764 116 40 
Boston 2,908,331 1,615,872 110.676 82 
Brookline 61,249 9,283 0.636 515 
Chelsea 105,122 62,424 4.276 78 


Everett 179,498 104,105 7.130 78 
Lexington 31,665 11,811 0.809 119 
Malden 132,090 68,653 4.702 
Medford 134,505 59,480 4.074 
Melrose 54,476 22,230 1.523 


Milton 46,770 14,370 0.984 
Nahant 8,467 3,415 0.234 
Newton 32,044* 290 0.020 
Quincy 195,695 88,241 6.044 
Revere 70,957 37,750 2.586 


Somerville 271,153 159,186 10.903 
Stoneham 23,903 9,394 0.643 
Swampscott 32,656 12,543 0.859 
Watertown 85,954 36,842 2.523 
Winthrop 42,100 20,362 1.395 


$4,568,082 $2,397,728 164.228 $81 


*In addition to this sum, $5.860 was billed under agreement of November 4, 1925. 


by 1970, an increase at the rate of about 15'4% in the next 25 years. 
This may be compared with an increase of 2034% during the last 
25 years, which included the depression years, and with an increase of 
66% in the 25 years prior to that. The estimates are also based on an 
assumption that, during the next 25 years, the consumption per capita 
per day will increase from 112 gal in 1945 to 120 in 1970, only 8 
more in spite of the fact that the increase, after the services were 
100% metered in the early 1930’s, was from about 90 to 112. These 
estimates seem to be sufficiently conservative as a basis for a study of 
the District financing. 

As to the addition of new members to the Water District, it is 
considered reasonably conservative to assume not much more than 
30 mgd worth of new customers. Cambridge represents the majority 
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of this and computations have also been made, and shown on one of 
the graphs, to enable a comparison to be made between the condition 
with Cambridge in and the condition with Cambridge out—that is, 
continuing to use its local sources to the limit. 

The principal purpose of the graphs is to show the extent to 
which it will be necessary, in order to reduce the price to $40 per 
mil gal and keep it there, to issue the water-use-development bonds 
which Chapter 587 of last year provides shall be issued annually as 
30-year serial bonds, and also to show their effect on the debt struc- 
ture. 

Figure 1 shows the condition under existing legislation. How- 
ever, as far as the requirements of new construction are concerned, 
the Commission states by its filing of a new bill this year, House 
Document 1354, that a post-war additional authorization of $10,000,- 
000 is necessary to complete the city tunnel extension of its Hultman 
Aqueduct to Chestnut Hill and to construct a much-needed distribut- 
ing reservoir and other new works. Hence, Figure 2 was prepared 
to show what would be the effect of the passage of this bill, which 
not only authorizes the additional issue of $10,000,000 worth of con- 
struction bonds, but also increases the term of all future serial bonds 
for construction from 30 years to 50 years. A comparison of Fig. 
1 with Fig. 2 brings out the fact that the aggregate total, $40,150,000, 
of the water-use-development bonds required in the case of the pro- 
posed additional authorization of $10,000,000 is only slightly more 
than the total, $39,340,000, required if Ho. 1354 is not passed; and 
also the issuing of the bonds does not extend over any longer period 
of time, the requirements being practically the same in both cases— 
namely, 1946 to 1969, inclusive. 

The reason for this is that, during the period in question, the 
annual requirements for principal and interest on the $10,000,000 
worth of new construction bonds, issued as 50-year serial bonds, as 
proposed in the bill, and at 1!4% interest, as unanimously agreed by 
last year’s subcommittee on finance, are about $335,000 a year, which 
is largely offset by the following: (1) if, because of lack of funds, 
the city tunnel is not completed, Newton cannot be supplied as pro- 
posed through one of the shafts and will probably continue its local 
source, and the assessment thus lost to the District will amount to 
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approximately $70,000 a year; (2) the impossibility of discontinuing 
the pumping at Chestnut Hill about 1950, on account of non-comple- 
tion of the pressure tunnel, will make it impossible to effect an annual 
saving of at least $140,000; (3) if all new construction bonds are 
continued on a 30-year basis, instead of 50 years as proposed in the 
bill, the additional requirements for principal and interest, during the 
period in question, on the remaining $4,810,000 already authorized 
but not yet issued will be about $60,000 per year. 

These graphs also show the soundness of the financial structure, 
since, in any event, the net water debt is bound to decrease rapidly 
after about 6 years. They also show that, although there is no pro- 
vision in Chapter 587 for ever reducing the cost below $40, it may 
be possible to effect such a reduction, as soon as the necessity for 
the annual issue of water-use-development bonds is past, and this could 
occur after about 25 years or, at most, after about 30 years. 

Incidentally, the effect of Cambridge being in or out is shown 
on Fig. 2. If Cambridge, instead of joining the district about 1950, 
keeps its local supply, the result will be an increase of roughly 20% 
in the aggregate total of water-use-development bonds required. 

Figure 3 has been prepared to answer the question that may very 
properly be asked: “What if it is necessary to keep on appropriating 
additional amounts for new construction, for example, to extend the 
pressure tunnel to the northern high service and eliminate Spot Pond 
pumping?” This graph shows that an additional $10,000,000 could 
be authorized every 15 years and still the aggregate total of water- 
use-development bonds required, $41,950,000, represents an increase 
of only about 5%. This is because the principal effect of such con- 
tinued future construction is merely to maintain more nearly the 
$40 rate and lessen the possibility, above referred to, of decreasing 
it after about 30 years. In fact, if the rate is never to be allowed to 
fall below $40, there is obviously room for a considerable amount of 
additional construction in the future. For example, an assumed 
$10,000,000 every 15 years corresponds to a future maintenance of 
the water debt generally below $20,000,000--the low point it reached 
in 1928, prior to the heavy expenditures for the Quabbin project. 

Figure 4 has been prepared, merely for comparative purposes, to 
show what the situation would be without any water-use-development 
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bonds—in other words, if the provisions for this so-called refinancing 
had never been included in Chapter 587. In such case, the incentive 
to new users is removed and the graph shows the situation both with 
and without the addition of new customers. This graph includes the 
same assumption of future authorizations, $10,000,000 every 15 years, 
and illustrates the ultimate certainty and rapidity of a drop in the 
assessments and in the cost per million gallons, the $40 rate being 
reached about 1963 to 1965, depending upon the number of new 
users. 

Incidentally, this graph also contains an analysis of the net debt 
and its division between that due to the old Wachusett supply, the 
new Quabbin supply as authorized to date, and additional authoriza- 
tions. It should be clear from these graphs that the net debt will drop 
again to the 1928 low of about $20,000,000 in about 15 years, except 
for the added debt due to the water-use-development bonds, which 
will materially increase the debt during the next 40 years. If it were 
not for these so-called refinancing bonds, the cost per million gallons 
would probably drop even as low as $25 to $30 by the year 1970 and 
thereafter would probably not exceed this figure. 

Several tables have been prepared to complete the statistical in- 
formation originally presented. 

Table 3-A, showing the annual assessments, brings up to date 
Table 3 on page 528 of the original 1941 paper. Note that there were 
additional expenditures during the war years and also in the post-war 
years, which were not originally foreseen. This table is based, like 
Fig. 3, on an assumed new authorization of $10,000,000 worth of 
50-year serial bonds, every 15 years. 

Table 4-A, showing the status of sinking-fund bonds, brings up 
to date Table 4 on page 532 of the original 1941 paper. Actually, the 
sinking fund reached the point two years ago where it was more than 
ample to pay off all the outstanding sinking-fund bonds; and one of 
the recommendations of the Governor’s Committee which was enacted 
was that, commencing in 1946, the surplus and also all future receipts 
from sales, etc., should annually apply to a reduction of the amount 
of the water-use-development bonds to be issued to maintain $40 
water. The estimated surplus to be so credited is shown in the last 
column. 
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TasBLe 4-A.—SINKING-FuNpD BONDS FOR CONSTRUCTION OF OLD SUPPLY. 


Estimated 
Amount of Assessed surplus to 
loan requirements Net debt be credited 


paid off Fund Interest April 1 each year 


$10,000,000 $36,773 $520,685 
1942 3,500,000 20,742 301,685 634,170 
1943 2,000,000 205,435 254,755 
1944 2,000,000 —_— 135,435 
1945 650,000 ——— 89,060 —_-—— 
1946 1,350,000 54,060 $550,000 
To be paid off 
1947 30,435 165,000 
1948 30,435 180,000 
1949 398,000 23,968 185,000 
500,000 8,750 130,000 


The original Table 5 on page 534 needs no elaboration, except to 
state that the actual amount of pay-as-you-go expenditures assessed 
for the construction of additions and improvements in the old supply 
and distribution works was $200,000 in 1942, $161,000 in 1943, 
$176,000 in 1944 and $72,917 in 1945. 

There is no point in presenting further general cost data in elabo- 
ration of the original Table 6 on page 538, until the city tunnel exten- 
sion of Hultman Aqueduct, which was held up by the war, and other 
appurtenant works are completed. 

There is little to be gained in presenting further data in elabora- 
tion of the original Table 7 on page 540, except to say that no new 
bonds for water supply construction have been issued during the war 
years since 1941 and that future issues will depend on the action of 
the present legislature on the proposal in House bill 1354, referred 
to above. However, Table 7-A supplements the original Table 7 to 


7-A.—SERIAL Bonps For NEw WaARE-SWIFT SUPPLY, PRESSURE AQUEDUCT, ETC., 
METROPOLITAN WATER DiIsTRICT. 


Assessed requirements 


Principal Interest Net debt April 1 
1941 $1,432,000 $1,238,753 $44,757,000 
1942 1,427,000 1,209,605 43,330,000 
1943 1,489,000 1,191,875 43,841,000 
1944 1,689,000 1,143,705 42,352,000 
1945 2,009,000 1,089,535 40,463,000 


2,069,000 1,031,266 38,454,000 
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180 COST OF METROPOLITAN WATER. 
the extent of showing the requirements during the last few years 
of the outstanding serial bonds which have financed the new supply 
to date. 

Table 8-A, which is an extension of, and brings up to date, Table 
8 on page 542 in the original 1941 paper, presents data on the growth 
of the Water District during the last 5 years and estimates for the 
future, on the conservative basis which is desirable in the financial] 
estimates. 

Summarizing the information presented herewith, the financial 
condition of the Metropolitan Water District is sound and is well 
capable of absorbing the shock, if it may be called such, of the water- 
use-development bonds which are, in fact, quasi-refinancing bonds. 
The result is that the price of water delivered from the District’s 
metropolitan distribution system can be expected to be $40 per mil 
gal not only during the next few years but for any period in the fore- 
seeable future. 


DIscUSSION 


Harotp W. Griswotp (Hartford, Conn.). There is such a great 
difference between the way that eastern Massachusetts and south- 
eastern New York operate and finance that I think perhaps it would 
be interesting if Mr. Brush gave just a little discussion on this paper. 

Witt1am W. BrusH (New York, N. Y.). Mr. President and 
gentlemen, I was very much interested in following the presentation 
of Mr. Kennison on financing and the proposed changing of the basis 
upon which additional cities can come into this metropolitan water 
district. 

The financing of the New York City system of additional supply 
has been on the basis of 50-year bonds with a sinking fund accumu- 
lated yearly with which to retire the bonds at maturity. That state- 
ment may not be true at the present time. I have not been connected 
officially with the New York system for nearly eleven years, but gen- 
erally the water supply financing has been on a 50-year maturity for 
the bonds. 

Data will be given on the cost of the water supply of the Catskill 
system as compared with the system for the Metropolitan District of 
Massachusetts. The New York City Catskill water, delivered to the 
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city limits but without distribution cost, was estimated to cost $100 
a mil gal. For a period of over ten years Catskill water was sold 
to communities outside of New York at $100 a mil gal, which fully 
covered the interest charges, amortization of the bonds and the main- 
tenance and operation of the system. These communities obtained 
New York system water on the very advantageous condition of pay- 
ing for what they took, irrespective of the amount, as no stand-by 
charge was made. The communities had to pay the cost of making 
the connections between the Catskill supply and their own particular 
water distribution systems. 

The people of New York at the present time are paying $200 per 
mil gal for metered water. Formerly, when the people outside were 
paying $100, the New York City people were paying $133 a mil gal, 
but that price in New York City included the distribution of the 
water. The additional $33 represented about the distribution cost. 

I think that certainly this Metropolitan District of Massachu- 
setts has been administered financially in a very conservative manner, 
as is traditional for a New Englander. However, I believe that the 
present plan is generally for the best interests of the people in this 
district. I also believe that the benefits to a community from using 
the Metropolitan District water supply are such that it is very de- 
sirable that a larger number should have those benefits. Also, the 
improvement in the Charles River water, resulting from stopping the 
draft on this river for water supplies, will be of value to a very large 
number of people, so that in every way the new financial plan appears 
to represent a most happy change. 

HAROLD W. GriswoLp. Thank you, Mr. Brush. Are there any 
more questions or discussion? [No response. | 

You might be interested to know that the Metropolitan District 
of Hartford County, Connecticut, which is a small one, serving only 
300,000 people, has a revenue of $145 a mil gal, of which nearly half 
goes for fixed charges. In other words, water at $70 per mil gal 
against the $40 that the member towns in eastern Massachusetts pay, 
which seems to be rather a favorable rate. 
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SPRING OVERTURN IN STRATIFIED LAKES. 


PROBLEMS OF THE SPRING OVERTURN IN STRATIFIED 
LAKES 


BY EDWARD S. DEEVEY, JR.* 


[Read at Superintendents’ and Chemists’ Round Table, March 21, 1946.} 


I HAVE hesitated to prepare a formal, detailed paper on a limno- 
logical subject, for fear of missing your interests, about which Dr. 
Renn was commendably vague when he invited me to address you. 
He did suggest, however, that some of you are interested in the matter 
of the spring overturn in stratified lakes, for the plankton produced on 
such occasions is likely to produce noxious or unpleasant odors and 
flavors in water supplies. For want of a better lead, therefore, I 
have decided to explore this subject briefly and await your comments 
on this and other problems at the conclusion of my talk. 

As you all know, the thermal cycle of a small lake in temperate 
latitudes is divided into four seasonal phases. (I shall speak of lakes 
deeper than about 10 meters, or 30 feet.) In the spring, as the ice 
melts, the whole column of water is ordinarily mixed to the bottom, 
partly by wind-induced turbulence and partly by convection. When 
the column warms up to 4° C., its temperature of maximum density, 
convection can no longer mix the warmer water into the underlying 
colder water and all mixing is by turbulence. As heating progresses, 
the relation of temperature and density of water is such that it be- 
comes increasingly difficult for the wind to perform the necessary 
work of mixing and the ultimate result is the formation of a warm, 
fully circulating upper layer, the epilimnion, separated from a cold 
lower layer or hypolimnion by a region of sharp temperature gradient, 
the thermocline. This is the stage of summer stratification and it per- 
sists until cooling in the fall has advanced to the point where complete 
mixing is again possible. The period of fall overturn lasts until ice 
forms at the surface, when winter stratification sets in and the wind 
is prevented from mixing the cooler but lighter surface water into the 
bottom layers, which usually remain near 4° until the spring overturn. 


*Woods Hole Oceanographic Institution, Woods Hole, Mass. 
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In summary, then, the annual cycle of such a lake includes two 
periods of full circulation and two of stratification, and the latter 
are, potentially at least, periods of stagnation. The elementary chem- 
istry of stagnation, studied for many years by European and American 
limnologists, is based primarily on the distribution of oxygen in the 
hypolimnion. Oxygen is added to the lake by two agencies: the pho- 
tosynthesis of aquatic plants and the diffusion of air into surface 
water. As the penetration of light, required for photosynthesis, is 
limited to small depths, and as diffusion without turbulence is an im- 
possibly slow process, oxygen can be added to the deep water only 
by turbulent mixing, which takes place chiefly at the periods of over- 
turn. This means that there is a net loss of oxygen in the hypolimnion 
during stagnation. The rate of loss depends principally on the pro- 
duction of organic matter in the surface waters—i.e., on the amount 
of dead plankton and other organic detritus which falls through the 
thermocline, consuming oxygen in the process of decomposition. The 
extent of the loss, in terms of final oxygen concentration, depends on 
the total amount present in the lake at the overturn, especially on 
the ratio of the area of the hypolimnion to its volume. A deep lake 
with a large volume of water below a depth of about 10 meters will 
reach the end of summer stagnation with more oxygen remaining in 
this deep water than will a shallow lake in which the initial amount 
of oxygen is low. We find, then, two sorts of oxygen curves at full 
stagnation and their form is governed both by the total production 
of organic matter (the richness or productivity of the lake) and by 
the relative volume of the hypolimnion. 

The advanced chemistry of stagnation has been developed very 
recently, as a result of studies on a very few lakes: Linsley Pond 
in Connecticut, Esthwaite Water in the English Lake District and 
the Schleinsee in Bavaria. All of them are small, fairly shallow 
and productive of much organic matter. Beginning with the knowl- 
edge that, during stagnation, not only is the oxygen depleted but 
various reduced substances, such as ferrous and ammonium bicar- 
bonate, methane, hydrogen sulfide, etc., accumulate in the hypo- 
limnion, it is possible to divide summer stagnation into three stages. 
(I shall deal with summer stagnation first, since for obvious reasons 
it has been better studied by limnologists). In Stage I, during early 
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summer, the oxygen in the hypolimnion falls to about 2 ppm and 
bicarbonates begin to accumulate. The oxidized surface of the mud, 
which is light brown due to ferric hydroxide, decreases during this 
stage from several centimeters to zero thickness. The boundary layer 
of oxidation in the mud may be defined by an oxidation-reduction 
potential of 0.20 volt and, when this value is found at the mud surface 
rather than at some depth below the surface, the oxidized layer may 
be said to have disappeared. In Stage II, as the 0.20-volt boundary 
rises into the water, the critical value for the reduction of ferric ion 
to ferrous is passed and ferrous iron and ammonia begin to accumu- 
late in the lower water. The oxygen falls to very low levels and 
may not be detectible by the unmodified Winkler method. In Stage 
III, the processes of reduction continue at a slower rate and, if the 
stage lasts long enough, the “redox” potential at the mud surface 
falls to 0.10 volt, the critical level for sulfate reduction, and sulfides 
are precipitated. 

At the fall overturn there is a rapid reversal of the processes just 
outlined. The readmission of oxygen into the hypolimnion leads to 
the oxidation of ferrous and ammonium compounds and ferric hydrox- 
ide is precipitated at the mud surface, re-forming the familiar, brown 
oxidized layer. The “redox” potential rises to 0.40 or 0.50 volt, values 
characteristic of oxygenated water, and the “redox” boundary for 
reducing conditions sinks several centimeters into the mud.' 

In the sea the analogous process of overturn usually leads to 
bursts of phytoplankton production, for the nutrient substances, phos- 
phate and nitrate, which have accumulated below the thermocline, 
are redistributed through the water column and made available to 
plankton. In the small lakes which have been studied, this mechanism 
seems to be quantitatively less important, probably for the reason 
that the iron in these lakes is more plentiful than in the sea and under- 
goes a more active cycle. Ferric phosphate is very insoluble—more 
so than ferric hydroxide—and at the fall overturn the phosphate is 
largely precipitated instead of being mobilized for plankton production. 
The mechanism of the distribution of solutes in the hypolimnion 


1My presentation of these events is intended to be purely descriptive. It may not be quite fair, 
for example, to say that the critical ‘redox’? potential for ferrous ion is 0.20 volt, when all that 
we know is that ferrous ions appear at this level. The presence of the fer*ous ions may instead be 
thought of as causing the observed potential. Little can be said about such matters until we know 
more about the role of micro-organisms in the metabolism of mud-water interfaces. 
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of small lakes has received some attention, though not so much as it 
deserves. It seems clear that vertical turbulence is not competent to 
account for such phenomena as the rate of heating and the accumula- 
tion of bicarbonate during stagnation. It has long been known that 
many lakes acquire heat near the bottom under an ice cover and, while 
convection can account for this so long as the temperatures are below 
4°, some other means of exchange must be involved when heating 
takes place above 4°. The mechanism invoked is a system of density 
currents, which, arising in bottom water at shallow depths, flow down 
the slope into the hypolimnion. Such currents can be thermal during 
the early winter and in large lakes, as the bottom water is warmed 
to about 4° by radiation passing through the ice to the bottom of 
shallow bays and, becoming denser, seeks its own density level in 
mid-lake. Later, however, the density must be augmented by chemi- 
cal means—i.e., by the acquisition of bicarbonates and silicates from 
the mud—in order to continue the heating above 4°.* These density 
currents are analogous to those composed of silty bottom water flow- 
ing down the slope from the inlets of large reservoirs—Lake Mead, 
for example. They must flow in summer as well as in winter. Hutch- 
inson has shown that the rate of increase of bicarbonate with time in 
the open water of Linsley Pond does not change regularly with depth 
but shows inflections, which are related to the ratio of mud area to 
water volume at a given depth. Unfortunately the evidence for 
density currents in small lakes is of this indirect sort, although at- 
tempts have been made to measure them directly. 

Turning now to winter stagnation, we find that it has been less 
well studied than summer stagnation. What we do know suggests that 
the processes concerned are different in degree but not in kind. In 
Esthwaite Water, during seven weeks under ice, the spread of dis- 
solved substances from the mud into the water was slower, the de- 
oxygenation was less complete, and reduced conditions were confined 
to a narrower layer than during a corresponding length of time of 
summer stagnation. In this lake the oxygen concentration fell only 
to 4.2 ppm but in Linsley Pond winter values below 2 ppm are not 
unusual. 


The contribution of heat, stored in the mud during summer and delivered to the water during 
winter, must not be neglected in a general theory of the heating of lakes, Birge, Juday and March have 
shown that this source of heat is very important in Lake Mendota but it is improbable that it is so 
important in lakes with much lower hypoli ic Pp ures in summer. 
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Winter stagnation, if it is at all severe, as it seldom is in south- 
ern Connecticut and in England, can have several biological conse- 
quences. If the lake is shallow and highly productive of organic mat- 
ter, oxygen depletion under ice may proceed so far that fish and other 
animals may suffocate. Winter fish-kills have recently received con- 
siderable attention from Greenbank, working in Michigan. He finds 
that they are not of regular occurrence but take place only in excep- 
tionally hard winters, and then only if the ice is made opaque for 
long periods by the accumulation of snow. Ice by itself is ordinarily 
transparent enough to permit some photosynthesis and Greenbank 
recommends snow removal as a means of preventing fish-kills. 

A second possible consequence of prolonged stagnation is that 
substances dissolved from the mud and accumulated in the deeper 
water—bicarbonates, silicates, etc-——may so increase the density of 
this water that the spring overturn may be incomplete. This appears 
to have happened in the spring of 1936 in Linsley Pond, after an 
unusually severe winter. If the products of summer stagnation are 
added to those of winter stagnation, the danger is that the lake may 
become permanently stagnant below the depth of effective mixing. 
An example of such a lake is Lake Mary in Wisconsin. Where such 
permanent stagnation exists, of course, it is much more usual to find 
that salt water has been added to the bottom of the lake, for ex- 
ample, by a saline spring or by a storm wave in the case of lakes near 
the seashore. Findenegg, however, has investigated several Austrian 
lakes, in which the incomplete mixing is due entirely to biochemical 
products and lasts for several years, or until a mild winter with no 
ice formation brings the stagnation to a close. 

I can say little about the relation of the spring overturn to the 
production of different amounts and kinds of plankton, although this 
is the aspect of the subject in which you are presumably most inter- 
ested. I have already pointed out that, although nutrients are among 
those substances which accumulate in the hypolimnion during stagna- 
tion, they are not necessarily available for increased plankton pro- 
duction at the overturn, owing to the loss of phosphate in the presence 
of appreciable quantities of iron. Spring bursts of phytoplankton, 
particularly of diatoms, are a usual feature of lakes but there is no 
reason to think that they are due to increase of nutrients, rather 
than to rising temperature or some other cause. There may be some 
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connection, however, between diatom growth and suspended ferrous 
and ferric iron, both of which are more abundant in surface waters 
at the times of overturn. Harvey has shown that particulate ferric 
hydroxide can be utilized by certain marine diatoms. Various other 
organisms are associated with the diatoms in the spring. Dinobryon 
usually appears as the diatoms are declining, and it has been thought 
that one predetermining condition for its appearance is low silicate 
concentration. But later work has shown that Dinobryon may also fol- 
low blooms of other organisms, such as Scenedesmus and Oscillatoria, 
which do not deplete the silicate as diatoms do. Synura, as I learn 
from Whipple, is a particularly noxious component of the plankton, 
which sometimes occurs in Massachusetts reservoirs in the spring and 
fall. I know nothing of its chemical requirements. The whole sub- 
ject of the seasonal periodicity of plankton organisms is wrapped 
in mystery but it seems clear that it cannot be solved by paying 
attention solely to the inorganic chemistry and temperature of the 
lake. Biotic phenomena—by which I mean such factors as competi- 
tion, grazing by zooplankton, age of the population, accessory growth 
factors of vitamin nature and the possible rdle of antibiotics, analogous 
to streptomycin—must all be investigated. Chlorella cultures have 
been found to produce an antibiotic, but no antibiotics have yet been 
demonstrated for planktonic algae in nature, although their existence 
has been suspected. 
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CORROSIVENESS OF WATER TO METALS 


BY THOMAS R. CAMP* 
[Presented April 18, 1946.] 


INTRODUCTION 


THE basic theory underlying the electrochemical theory of cor- 

rosion of metals in water was first developed by Josiah Willard Gibbs 
of Yale University in his classic papers “On the Equilibrium of Hetero- 
geneous Substances’, published in the Transactions of the Connecticut 
Academy during the period from 1875 to 1878. Gibbs’ great con- 
tributions to electrochemistry were not used to any considerable ex- 
tent in this country until after the publication by Lewis and Randall 
in 1923 of their book, “Thermodynamics and Free Energy”. Since 
1923, a great mass of experimental data has been collected relating 
to free energies of chemical substances and single electrode potentials, 
much of which has been used in the evaluation of equilibrium con- 
stants. 
It has long been known that the corrosion of metals in contact 
with water is dependent upon their single electrode potentials and 
the composition of the water. The “Electrochemical Theory of Cor- 
rosion’” has been mentioned in the literature for many years, but it 
appears that the theory has not been developed to the point of being 
practically useful. It is the author’s purpose to undertake this de- 
velopment and to illustrate the application of the theory by practical 
examples. 

The paper is divided into two parts, to be published in consecu- 
tive issues of the Journal. ‘Part I, A Study of the Electrochemical 
Equilibria” deals with the theory and some simple applications. “Part 
II, Practical Applications of the Theory” will illustrate the usefulness 
of the theory with natural waters. 


*Consulting Engineer, 6 Beacon St., Boston, Mass. 
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Part I. A Stupy OF THE ELECTROCHEMICAL EQUILIBRIA 
SYNOPSIS 


Part I is an analysis of the electrochemical reactions which may 
take place in the corrosion of metals in contact with water. The 
equilibria are studied in terms of free energies and single electrode 
potentials. It is shown that all the reactions, including those resulting 
in the formation of solid corrosion products, can be explained in 
terms of half-cell reactions accompanied by the flow of electric cur- 
rent. A method is presented to determine the corrosiveness of a water 
to a particular metal and to determine which reactions will take place 
and what corrosion products will be formed. The method does not, 
however, present any means of determining the rate of corrosion. 


CorROSION REACTIONS 


Water is corrosive to a solid when it tends to dissolve the solid. 
The solution of a solid mineral, such as CaCO,, is accompanied by 
its dispersion as positive and negative ions in solution. The solution 
of a solid non-polar compound, such as sugar, is accompanied by its 
dispersion as un-ionized molecules in solution. Neither of these cases 
involves a transfer of electrons to or from the dissolved substance and 
there is no flow of electricity. The corrosiveness of a water to solid 
mineral compounds or to non-polar compounds depends entirely upon 
its degree of saturation with the ions or molecules of the compound. 

Water is corrosive to a solid metal when it tends to dissolve the 
metal as positive ions or to furnish negative ions which react with 
the metal at the interface. Either process is oxidative and results 
in the release of electrons, which flow backward through the metal, 
as shown in Figure 1. No metal can enter solution as positive ions 
or withdraw negative ions from solution, unless an equivalent reac- 
tion in the reverse direction takes place at some other point in the 
metal-water interface; for the solution remains electrically neutral 
with equivalent concentrations of positive and negative ions. This 
accompanying reaction is always reductive and results in the capture 
of the electrons which flow through the metal. 

The corrosion of a metal is therefore an electrochemical process, 
such as occurs in a galvanic cell, and it is always accompanied by a 
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flow of electric current. The rate of corrosion is equal to the current 
flowing. The corrosiveness of a water to a particular metal depends 
not only on its content of the ions of that metal but also upon its 
content of other ions and molecules capable of entering into the oxida- 
tion-reduction reactions. 

The oxidation reaction by which a metal corrodes is an anodic 
reaction. The equivalent reduction is a cathodic reaction. The 
electric current is carried by the electrons through the metal and is 
carried jointly by cations and anions, which migrate in opposite direc- 
tions through the solution. By convention, the direction of flow of 
positive electricity (cations) in the electrical circuit is from anode 
to cathode through the solution, which is opposite to the direction of 
flow of negative electricity or electrons through the metal. The 
voltage or potential drop through the solution is taken as positive in 
the direction of movement of positive ions (cations). 

The reaction at each electrode is called a half-cell or single-elec- 
trode reaction. The following types of anodic reactions are common 
in the corrosion of metals: 
Ox 
Type I. Metallic element” cations + electrons 

Red 
Ox 
Examples: Fe Fett + 2e- 
Red 
Ox 
H,(aq) 2H+ + 2e- 
Red 
Ox. 
Type II. Anions + metal ay compound + electrons 
Red 
Ox 
Examples: 20H~ + Fe 7a Fe(OH), + 2e— 
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=. 
Cl- + Cu te CuCl + e~ 
Red 
= 
Type III. Reductant + metal ate compound + cations + electrons 
Red 
Examples: H,S(aq) + Zn mae, ZnS + 2H* + 2e- 
Red 
HS~ + Fe FeS + H* + 2e— 
Red 
The above reactions proceed from left to right at the anode. 
Reactions of the same type may occur at the cathode, proceeding 
from right to left. The following additional types of cathodic reac- 
tions, which do not involve the solid metal, are common: 
Type IV. Compound oa oxidant + cations + electrons 
Red 
Examples: H,O 
Red 
3 
Fe(OH), O.(aq) +> H,0 + Fet+ + 2e- 
Red 
Ox 
a oxidant + electrons 


Red 


O,(aq) + 2H*+ + 2e- 


Type V. Anions 


Ox 
Example: 2 Cl- Cl,(aq) + 2e- 
Red 
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Ox 
Type VI. Compound aoe cations + anions + electrons 


Red 


Ox 
Example: CuCl Cut+ + CF 


Red 


THERMODYNAMIC EQUILIBRIA 


The chemical reactions which occur at the electrodes of a cell 
involve a change in the free energy of the substances entering into 
the reactions. Willard Gibbs’ has shown that this change in free 
energy is related to the e.m.f. of the cell. The relation may be 
stated as follows: 


96500 
4.183 


in which —AF = the decrease in free energy of the half-cell reaction 
in calories per mole; 

E =the reversible potential or e.m.f. of the half-cell 
in volts. E does not include the voltage drop 
through the electrolyte due to migration of ions; 

n = the number of electrons transferred in the reaction 
(the number of faradays of electricity per mole); 

96500 = the number of coulombs per faraday; 
4.183 = the number of joules per calorie. 


—AF nE (1) 


For the special case of a reaction at constant temperature and 
pressure and for a change of one mole for each constituent, the change 
in free energy is 


AF = —Fa— Fs...+ Fx + Fy (2) 
where Fa, Fs, . . . are the partial molal free energies’ of the reactants 


1Gibbs, J, W., “The Collected Works of J. Willard Gibbs,’ Vol. 1, p. 331 and following, Longmans, 
Green and Co., 1931. 

2The designation partial molal free energy, symbol F, was given by Lewis and Randall (Lewis, G. N., 
and Randall, Merle, ‘“‘Thermodynamics and the Free Energy of Chemical Substances,"” McGraw-Hill 
Book Co., Inc., 1923) to the function called tha potential of a constituent by Willard Gibbs. The 


Lewis and Randall notation has become general and will be used here. 
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and... Fx, Fy are the partial molal free energies of the products 


of the reaction. 

Gibbs also showed that the rate of change at constant temperature 
of the partial molal free energy with the partial pressure (or molal 
activity for solutes) is equal to the molal volume of the constituent 


as follows: 
(3F Va (3) 


T 


This equation may be integrated at constant temperature to yield the 
value of F at any partial pressure p (or molal activity «) in terms of 
some known value of F at a reference pressure or activity. It has be- 
come customary to refer free energies to the standard free energy, F’., 
(1 atm.) for gases and F’,, (u.a.) for solutes; where the temperature 
is 25°C. and the reference pressure is 1 atm. for gases and unit 


activity for solutes. 
For gases and solutes, both of which follow the gas law, 


RT 
m = ——. Hence the integration of Eq. 3 defines the partial molal 


free energy in terms of the standard free energy as shown below. 
For solids and liquids, which may be assumed incompressible, both 
Vm and the number of molecules per unit volume are constant. Hence 
the partial molal free energy is constant and equal to the standard 
free energy. These relations are shown below: 


° p atm. 
=F i. RT In —— 
For gases, F (1 atm.) + n — (4a) 


« moles/liter (4b) 


For solutes, F = (u.a.) + RT In 


For solids and liquids, F = F°(1 atm.) = F*(u.a.) (4c) 


In these equations F is in calories per mole, R is the gas constant, 
which is equal to 1.985 calories per mole per °K, and T is the absolute 
temperature in “K (T = 298 °K for 25°C.). 
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If the partial molal free energies as defined by Eq. 4 are substi- 
tuted in Eq. 2, it is found that 


AF = AF’ + RTInQ (5) 


where AF’ is the algebraic sum of the standard free energies of the 
constituents and Q is the ratio of pressures or activities obtained 
from the algebraic sum of the logarithms of the pressures or activities 
of the constituents. For any reaction, Q is obtained by dividing the 
product of the pressures (or activities) of the products of the reaction 
by the product of the pressures (or activities) of the reactants. 
The free energy of a dissolved gas has the same value, whether 
stated in terms of partial pressures (Eq. 4a) or molal activities 
(Eq. 4b). The value of F°(1 atm.) for a dissolved gas may there- 
fore be added to values of F’(u.a.) for ionic constituents in deter- 
mining AF’ of Eq. 5, provided the concentration of the gas in solution 
is given as a partial pressure in atmospheres. The standard free 
energies F°(1 atm.) and F°(u.a.) for a constituent do not have the 
same numerical value, however. Since pVm = 24.45 liter-atmospheres 


at 25°C., and for a gas : = «, it follows that 


m 


T 
Integration of Eq. 3 between the limits of p = 1 and p = 24.45 ta 
yields the following relation between F°(1 atm.) and F°(u.a.): 


T 
24.45 —— 
298 


F°(1 atm.) = F°(ua.) — RT In —-—— (7) 


At 25°C., T = 298 and 
F’,,(1 atm.) = F’.,;(u.a.) — 1890 cal./mole (7a) 


The quantity Q in Eq. 5 has the following values for the six types 
of half-cell reactions commonly occurring in metallic corrosion: 


p = 24.45 —— « (6) | 
298 


CORROSIVENESS OF WATER TO METALS, 


(<nt)? 
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Type I. for hydrogen 


1 


Type Il. Q = 


+ 


Type III. = 
sind Q & Rea (8) 


y+) 


Type IV. Q 


X Ori 


Type Q= 


(a 


Type VI. Q = (y+) 
where “y+, “a-, “Rea, “ovi are the activities of the metallic ion, 
anion, reductant and oxidant, respectively, and n,,+, n,— are the num- 


bers of ions taking part in the reaction. 
From Eq. 1, the standard oxidation potential corresponding to 


the standard free energy change AF’ at any temperature T is: 
4.183 9 
96500 n (9) 


= — 


Hence, from Eggs. 1, 5 and 9, the oxidation potential for any half-cell 
reaction is: 


4.183 RT 
96500n (10) 
For a temperature of 25°C., the oxidation potential is given by 
1 


E,, = E’,, — 0.05914 log Q® (10a) 


in which E’,. is the standard oxidation potential at 25°C. correspond- 


ing to AF’,,. 
The reversible potential for a whole cell is the difference between 


| 
| 
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the oxidation potentials at the two electrodes (or the sum of the oxida- 
tion and reduction potentials) as follows : 


1 


AE,, = — 0.05914 log (11) 


in which AE’,, is the difference between the standard oxidation poten- 
tials, the subscripts 1 and 2 refer to the oxidation reactions at the 
anode and cathode respectively, and n, and n, are the number of 
electrons transferred. At equilibrium, there is no flow of electricity 
through the cell and AE = 0. Hence, at equilibrium, 


AE’,,, = 0.05914 log K (12) 


where the equilibrium constant K is the value of 
1 


1 


Q." 


at equilibrium. 


CRITERION FOR CORROSION 


It follows from Eqs. 11 and 12 that any single metal which is in 
contact with an aqueous solution at 25°C. may corrode, if 


ot AE's 

is less than 10°%" (13) 


where the subscript 1 refers to tie anodic reaction and the subscript 
2 refers to any single electrode reaction which the composition of the 
water will permit at the cathode. The most important single factor 
in this criterion for corrosion is the magnitude of AE’, the difference 
in the standard oxidation potentials of the two half-cell reactions. 
For example, if the 
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value of AE’,, is only 0.1 volt, the value of the ratio 


exceed 49 to stop corrosion; and, if the value of AE’. is 0.2 volts, 


1 


Q." must exceed 2400. 
1 

The flow of electricity always tends to start at the highest poten- 
tial and the first half-cell reactions which will take place are those 


Q," 


involving the greatest magnitude of AE. If the magnitude of 


1 

is permitted to increase sufficiently with the continuance of the reac- 
tion, AE is reduced in value and other reactions, involving lower mag- 
nitudes of AE, will come successively into play until the cell is dis- 
charged. 
In order to determine what reaction will take place at the anode 
for a particular metal and a particular water, it is necessary to ex- 
amine all possible anodic reactions in pairs by means of the above 
criterion, Eq. 13, to determine which is the most anodic. Similarly, 
it is necessary to examine all possible cathodic reactions to determine 
which is the most cathodic. The effects of the various substances in 
the water—that is, the corrosiveness of the water—may thus be de- 
termined. The method of attack is illustrated at the end of this 
paper by some simple examples. 

If a second metal or electrode having a higher oxidation poten- 
tial than the first metal is in contact with both the solution and the 
first metal, the anodic reaction involving the oxidation of the first 
metal will not take place. Corrosion of the first metal is thus pre- 


1 
1 
2 
Q. | 
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vented by cathodic protection; that is, the first metal is made to func- 
tion only as a cathode. 


STANDARD OXIDATION POTENTIALS 


In order to apply the criterion for corrosion, it is necessary to 
know the standard oxidation potentials for all conceivable half-cell 
reactions. 

It has not been possible to measure absolute values of half-cell 
potentials. For convenience, the hydrogen electrode is arbitrarily 
chosen as a reference electrode, and the half-cell potential is set arbi- 
trarily at zero at any temperature when the pressure of hydrogen gas 
in contact with the solution is 1 atm. and the hydrogen ions are at 
unit activity (pH = 0.0). The reaction for this half-cell may be 


represented as follows: 
Ox 


H,,(gas) (1atm. ) H.,(aq) 2H* (u.a.) + 2e- (14) 
Red 
= 00 


The electrode reaction is between the dissolved hydrogen and the 
hydrogen ions. Since the free energy of H.(gas) at 1 atm. is arbi- 
trarily defined as zero, the arbitrary zero potential for this electrode 
conforms with the zero value assigned to the free energy of hydrogen 
ions at unit activity and any temperature. 

The single electrode potential of any half-cell when referred to 
the hydrogen electrode is, by definition, therefore, the total reversible 
e.m.f. of a cell with hydrogen as one of the electrodes. Values of 
standard oxidation potentials at 25°C. for many of the common half- 
cell reactions occurring in the corrosion of metals are shown in Table 
1. Some of these potentials were taken from a table presented by 
Latimer.* Most of them, however, were computed by the author by 
means of Eq. 9 from the standard free energies of the constituents, 
as given by Latimer*® and others. In reactions involving dissolved 
gases, the subscript aq is used with the symbol for the gas and the 


3Latimer, W. M., “The Oxidation States of the Elements and Their Potentials in Aqueous Solutions,” 
Preutice-Hall, Inc., 1938. 
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criterion for corrosion. 
be considered as conceivable rather than actual. 
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standard free energy, F’,, (u.a.), of the dissolved gas, computed from 
its solubility, is used for the evaluation of E°,,. The trained chemist 
will recognize that some of the reactions listed in Table 1 do not take 
place under ordinary conditions. 
take place, it is because there is always another reaction which is 
more anodic; and if a cathodic reaction does not occur, it is because 
there is always another reaction which is more cathodic. 
tions which may occur may readily be determined by applying the 
The reactions in Table 1 are therefore to 


If an anodic reaction does not 


The reac- 


TABLE 1.—STANDARD OXIDATION POTENTIALS AT 25°C. oF SOME HALF-CELL 
REACTIONS TO BE CONSIDERED IN CORROSION OF METALS IN WATER 


Oxidation reaction 25, volts 
1, CO3—— Ca — CaCO; + 2e— +3.12 
2 + Ca — Ca(OH). + 2e— +3.02 
3. K—Kt++e- +2.922 
4. Ca — Cat+ + 2e- +2.87 
5. Na— Nat-+e— +2.712 
6. 2 OH—- + Mg — Mg(OH)2 + 2e- +2.67 
7. COs-- + Mg— MgCO; + 2e- +2.60 
8. 4OH--+ Al— H,Al O;- + H,0 + 3e- +2.35 
9. Mg — Mgtt + 2e— +2.34 
10. 3 OH- + Al — AIl(OH)s + 3e- +2.318 
11. 6 OH- + Si— Si0s-- + 3 H,O + 4e- +1.73 
12. 5 OH- + Si— HSiO;— + 2 H2O + 4e—- +1.70 
13. 4 OH- + Si — H,SiO; + HO + 4e— +1.67 
14. Al— Alt+t++t + 3e- +1.67 
15. 6 OH- + Snt++ — + 2e- +1.60 
16.  2OH-+ Mn— Mn(OH), + 2e- +1.47 
17. S-- + Zn— ZnS + 2e- +1.44 
18. 2 OH- + Zn — Zn(OH)>2 + ‘2e— +1.42 
19. COs-— + Mn— MnCO; + 2e- +1.35 
20. 3 OH- + Cr— Cr(OH)s + 3e- +1.30 
21. S--+Cd—> CdS + 2e- +1.23 
22. 4OH- + Zn— ZnO.—~— + + 2e- +1.216 
23: 4 OH- + Cr — CrO,- + 2 H.O + 3e- +1.2 
24. 3 OH- + Mn— Mn(OH); + 3e- +1.12 
25. S-- +Ni— NiS(y) + 2e- +1.07 
26. COs—— + Zn — ZnCO; +2e— +1.07 
Mn — Mnt+ + 2e— +1.05 
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TABLE 1 (continued) 


Oxidation reaction volts 

28. 4 + Zn — Zn(NHs3),++ + 2e- +1.03 
29. S-- + Ni— NiS(8) + 2e- +1.02 
30. HS~ + Zn — ZnS + Ht + 2e- +1.00 
31. S--+Fe— + +1.00 
Sa S-- + Pb—> PbS + 2e +0.98 
33. 3O0H-+H,O+ — Sn(OH).-- +0.96 
34. S-- +2Cu— CuS + 2e- +0.95 
35. 2OH- + Sn— Sn(OH)2 + 2e- +0.883 
36. 2 OH- + Fe — Fe(OH). + 2e- +0.877 
37. OH- + HCO;- + Fe — FeCO; + H20 + 2e- +0.865 
38. S-- +Ni— NiS(«) + 2e- +0.86 
39. Cr—Crtt+ + 2e- +0.855 
40. S--+Pt— PtS + 2e- +9.33 
41. 2 OH— + 2H.20 -+- 2e— +0.828 
42. 4 OH- + Sn — Sn(OH), + 4e- +0.82 
43. 2 OH— + Cd — Cd(OH)2 + 2e- +0.815 
44. COs-- + Cd — CdCOs + 2e- +0.80 
45. HS -+ Zn — ZnS + 2H+ + 2e- +0.794 
46. 3 OH- + Sn — HSnO.—- + H20 + 2e- +0.79 
47. HS- + Cd — CdS + Ht + 2e- +0.78 
48. 3 OH- + Fe — Fe(OH); + 3e- +0.775 
49. Za — + 2e—- +0.762 
50. S-- + Cu — CuS + 2e- +0.76 
Sr. CO3— + Fe “FeCOs + 2e—- +0.755 
52. 2Cl- + Cr — CrClp— + 3e- +0.74 
53. 4 OH- + Mn — MnO, + 2 H2O + 4e- +0.715 
54. Cr+++ +0.71 
55. S + 2e- +0.71 
56. 8OH- +4H,0 + 6e- +0.705 
57. S--+Hg—H -+0.70 
58. 2 OH- + Ni— H)2 + 2e—- +0.66 
59. 70OH- + Cr— HCr0,~ + 3 H.O + 6e- +0.63 
60. HS—- + Ni Ni— NiS(y) + H+ + 2e- +0.622 
61. 4 NHs | ca — Cd(NHs),++ + 2e- +0.597 
62. 2 OH-— + Pb — + 2e— +0.585 
63. HS + Cd — CdS + 2H+ + 2e- +0.575 
64. HS- + Ni— NiS(@) + Ht + 2e- 0.573 
65. OH- + Fe(OH), — Fe(OH); + e- +0.566 
66. HS- + Fe— FeS + Ht + 2e- +0.56 

3 OH- + HPbO.- + + 2e— +0.54 


‘ 
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TABLE 1 (continued) 


Oxidation reaction 


volts 


CO3;-—- + Pb — PbCO; + 2e- 

HS- + 2 Cu— CuS + H+ + 2e- 

6 + Ni— Ni(NHs),++ + 2e- 
OH- + HS- — $+ + 2e- 

COs +_Ni— NiCO; + 2e— 

Fe Fett + 2e- 

HS, +Ni — NiS(y) + 2H+ + 2e- 
HS~ + NiS(«) + Ht + 2e~ 


Cd — Cdt++ + 2e- 


OH- + Mn(OH)2. — Mn(OH)s; + e- 
HS, NiS(@) + 2H? 

2 OH- +_2Cu— Cu,0 + + 2e— 
SO,- + Pb— PbSO, + 2e- 

+ 2 Cu— CuS + 2H+ +2e— 

8 OH- + Mn— MnO,--— + 4H,0 + 6e- 
2 Cl- + Pb— PbCl, + 2e- 

Ni— Nit+t+ + 

2 OH- + Cu— Cu ((OH)>2 + 

HS, +Ni— NiS(«) + 2H+ + 2e- 

8 OH- + _Mn— MnO, — + 4 H20 + 7e- 
4 OH- + Pb —_PbO, + 2 + 4e- 
4OH- + Cu-— + 2 H20 + 2e- 
Sp — Sntt + 2e— 

Pb — Pbt+ + 2e— 


5 OH- + Cr(OH)3 — CrO,-— + 4 H.0 + 3et 


3 OH- + Cu— HCu0.— + + 2e- 
+ Cu-— CuS + 2H+ + 2e- 

2 +Cu— Cu(NHs),+ + 
HS- — Ht + 2e— 

4 + Cu — Cu(NHs)st++ + 
Fet++ 3e- 

Hp (1 atm.) — 2H+(u.a.) + 2e7 
+ Cu — CuCOs; + 2e— 

2 OH- + Hg — HgO(r) + H20 + 2e— 
2 OH- + Pd — + 2e— 

2 HCOs— + Ca—_CaCO3 + 2H+ + 


+0.508 
+0.506 
+0.502 
+0.48 


+0.478 
+0.45 

+0.440 
+0.417 


+0.411 
+0.402 
+0.40 

+0.368 


+0.361 
+0.355 
+0.296 


+0.283 
+0.268 
+0.250 
40.224 
+0.205 


+0.165 
+0.163 
+0.138 
+0.136 
+0.126 
+0.12 
+0.114 
+0.113 
+0.11 
+0.064 
+0.05 
+0.036 
+0.000 
—0.053 
—0.0984 
—0.114 
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TABLE 1 (continued) 


Oxidation reaction volts 
105. 2 OH- + 2 Hg — Hg20 + H:20 + 2e- —0.123 
106. Cl- + Cu — CuCl + e~ —0.124 
107. H2S 2H+ + 2e- —0.141 
108. 4 H.O + Sn++ — Sn(OH), + 4H*+ + 2e- —0.154 
109. 2 OH- + Pt(QH)> + 2e— —0.16 
110. 2 Cl- + Cu — + e- —0.19 
111. Cl— + Ag — AgCl + —0.222 
112. + Hg — Hg.Cl. + 2e— —0.267 
113. 3H,O+Cr++ — CrOH; + 3H+ + e- —0.291 
114. CO3;-— + 2 Hg — Hg2CO; + 2e- —0.32 
115. 2 OH- + 2 Ag — Ag,O + + 2e- —0.344 
116. Cu — Cutt + 2c- —0.345 
117. 2 HCO;- + Mg — MgCoO; + 2H+ + 4e- —0.372 
118. 2 NHs,, + Ag — Ag(NH3),+ + e- —0.373 
119. 4 Cl- + Hg — + 2e- —0.38 
120. 20H-— % O2,, + H,0 + 2e- —0.444 
121. +2 Ag Ag2CO3 2e— —0.47 
122. 2 OH- + Ni(OH)2— NiO, + 2 H20 + 2e- —0.49 
123. OH- + HSi0;- — H,Si03 O2,, + 2e- —0.50 
124. Cu— Cut +e —0.552 
125. cl- +2Ht++ — OCI- + H,0 + Cutt 
+ 2e- —0.535 
126. — MnO,- + e- —0.54 
127. CuCl — + Cl- + —0.566 
128. 4OH- + MnO, — +2 H.0 + 3e- —0.57 
129. 2 OH- + _Ag,0 — 2 AgO + + 2e— —0.57 
130. 4 OH- +,MnO,— MnO;,—— + 2 H20 + 2e— —0.58 
131. SO,-- + 2 Hg — Hg2SO; + 2e— —0.615 
132. 4Cl— + Pd — + 2e— —0.64 
+ 2SO, + 2e- —0.653 
134. 2 = + O— 2 HCO;— + y, O2,, 2e— —0.66 
135. + Znt++ + 4e- —0.67 
136. + Cut+ + 4e- —0.685 
137. 2 H.O + Cut Cu(OH). + 2H+ + e- —0.687 
138. 4Cl- + Pt— 
139, 2 OH- + 3 + He 4 
140. % + + 4e- —0.75 
—0.768 
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TABLE 1 (continued) 
Oxidation reaction volts 

142. Fet+ —> Fett++ + e- —0.771 
143. 2 OH- + CuCl— + + Cut++ + =—0.777 
144, +- — + 2e- —0.779 
145. 2 + Mnt+ 4e—- —0.785 
146. 2 Hg — Hget+ 2e- —0.7986 
147. Ag— Agt + e- —0.7995 
148. 4OH- + CuCh~- — 2 OCI- + 2 H,0 + Cutt 

+ 5e- —0.805 
149. Pd— Pdt++ + 2e- —0.83 
150. Ni(OH),— + Ni++ + + 2e- —0.852 
151. Hg— Hgt+ + 2e- —0.854 
152. Cd(OH)2—> O2,, + Cd++ + + 2e- —0.855 
153. HPbO.- — Pb++ + H+ + 4e- —0.857 
154. Cl- + Ht CuO — + 2 Cut+ + 4e- —0.86 
155. Mn(OH)2— ¥% + Mnt++ + H,O + 2e—- —0.862 
156. MnQ,- — 2 O2,, + + 3e- —0.866 
157. Cl- + H+ + HPbO.- — OCI + H.0 + Pbt+t+ 

+ 2e- —0.877 
158. 2 OH- + Cl- — OCI- + H,0 + 2e- —0.878 
159. + Cut+ + H+ + 4e- —0.88 
160. Fe(OH), — Fet+ + + H.0 + 2e- —0.882 
161. 2H+ + — 2 + Znt++ 

+ 4e —0.892 
162. Pb(OH)2 % + Pb++ + H,0 + 2e- —0.904 
163. 2Cl- + 2H+ + Cu0.- — 2HOCI + Cutt + 4e- —0.907 
164. OH- + CuCl — HOC! + Cutt + 3e- —0.91 
165. Cl- + H+ HCu0.- — OCI- + +Cut+ +2e- —0.926 
166. Zn(OH)2 O2, Znt++ + + 2e- —0.927 
167. 4 OH- + PbCl, — "2 Ocl- + 2H,O + Pbtt 

+4e- —0.95 
168. H,Al03— — Oz, Al+++ + + 4e— —0.952 
169. 2 Oz 3 Pbh++ + 6e- —0.96 
170. Cl- + Cu,0 — OCI-— 2 Cut + + 4e— —0.964 
171. 2 OH- + CuCl.— — 2 HOC! + Cutt + Se- —0.965 
172. HSn0O2— — + Snt+ + Ht + 4e— —0.977 
Lds. 2 HCO-; +_Mn— MnCO; + 2 Ht + 4e— —1.00 


¥ 
4 
5 
: 
; a 
: 


CAMP. 


TABLE 1 (continued) 
Oxidation reaction volts 


Cl- + Ca(OH), — OCI- + + Cat+ + 2e- —1.03 
Cr(OH)3s —> % O2 + Cr+++ + 3/, + 3e- —1.04 
3 H.O + Fet++ — Fe(OH); + 3H+ + e— —1.044 
2 Cl- + H+ HPbO.- — 2 HOC] + Pb++ + 4e- —1.08 
HCO3~ + — ¥% Os, + HsCOs + H+ + 2e- —1.083 
PbO, Os, + Pb++ + 2e- —1.086 
Al(OH)3 Al+ ++ H.O + 3e- —1.09 
2Cl+ H+ + HCu0O.- — 2HOCI+ Cut++4e- —1.103 
Cl—- + Mg(OH)2 — OCI— + HO + + 2e- —1.105 
2 Cl- + ZnO.-- — 2 OCI— + Znt+ + 4e— —1.108 
Cl- + H+ + HSn0O.- — OCI- + H,0 + Snt++ 
+ 2e—- —1.12 
2 OH- + PbCl, — 2 HOC! + Pbt++ + 4e-— —1.15 
2 HCO3s— + Zn— > ZnCO; + 2 H+ + 4e- —1.151 
2 Cl- + Ca(OH), — 2 HOC] + Catt + 4e- —1.155 
Fe(OH); —> O2,, + Fet++ + %/,H,0O + 3e- —1.18 
2 Cl- + Mg(OH)2—> 2 HOC! + Mg++ + 4e- —1.19 
Sn(OH)2— + Snt+ + + H,0 + 2e- —1.193 
Pt— Ptt++ + 2e- —1.2 
2 Cl- + H+ + HSnO.- — 2 HOC! + Sn++ + 4e—- —1.20 
4Cl- + 4H+ + MnO,-- — 4 HOC! + 
+ 4e- —1.23 
3 H.O + Mn++ —_Mn(OH); + 3H+ e- —1.244 
— + Cr++ + 3e- —1.265 
MnO, — + Mn++ + 2e- —1.265 
H.O— % + 2H+ + 2e- —1.273 
2 HCO3;— + Cd—>_CdCO; + 2H+ + 4e— —1.276 
H.0 — Os, + 2H+ + 2e- —1.28 
2 + Mn++ — MnO, + 4H+ + 2e— —1.28 
3 Cl- + H+ + — 3 HOC] + Alt+++ 
+ 6e— 
2 Cl—- + Ni(OH)2— 2 HOC] + Nit+ + 4e— —1.286 
2 Cl—- + Cd(OH)2 — 2 HOC! + Cd++ + 4e— —1.286 
2 Cl- +_Mn(OH)2 — 2 HOC] + Mn++ + 4e— —1.29 
Cl- + Ni (OH), OCI- + + Nit+ + 2e— —1.29 
Mn(OH)3 + Mn++ + 8/,H,0 +2e— —1.29 
Cl- + Cd(OH), — OCI- + H,O + Cd++ + 2e— —1.294 
2 HCO;— + Fe— > FeCO; + 2H*+ + —1.30 
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TABLE 1 (continued) 


Oxidation reaction E*>;, volts 

210. 2 Cl- + Fe(OH)» —> 2 HOC] + Fe++ + 4e- —1.30 
211. Cl- + Mn(OH),. — OCI- + + Mnt++ + 2e— —1.30 
212. 2 Cl- + Pb(OH).— 2 HOC) + Pbt++ + 4e— —1.31 
213. Cl—- + Fe(OH). — OCI-— + + Fet++ + —1.32 
214. 2 Cl- + Zn(OH). — 2 HOC! + Zn++ + 4e- —1.32 
215. Cl- + Pb(OH)2.—> OCI- + H.0 + Pb++ + —1.34 
216. 2i-(ua.) (1 atm.) + 2e- —1.358 
217. Cl- + Zn(OH)2 — + H2O + Znt++ +2e- —1.36 
218. + Cu(OH),— 2 HOC] + Cu++ + 4e- —1.365 
219. 3 Cl- + Cr(OH); — 3 HOC] + Cr+++ + 6e- —1.38 
220. Fe(OH)3 % + Fet+ + 3/, + 2e- —1.386 
221. 2 Cl- + — 2 OCI- + H.O + Alt+++ 

4e- —1.39 
222. 3 Cl- + Al(OH); —> 3 HOC! + Al+++ + 6e- —1.40 
223. Au—> Au+++ + 3e- —1.42 
224. 2 HCO; + Ph — PbCO;3 + 2H+ + 4e- —1.42 
225. Cl- + Cu(OH). — OCI- + H.O + + 2e- —1.45 
226. 3 Cl- + Fe(OH); — 3 HOC] + Fet++ + 6e- —1.45 
227. 2 Cl- + Sn(OH)2 — 2 HOC! + Snt++ + 4e- —1.45 
228. 2 HCO3;- + Ni— NiCO; + 2H+ + 4e- —1.45 
229. 2 HO + Pb++ — PbO. + 4H+ + 2e- —1.456 
230. 4Cl- + 4H+ + MnO,- — 4 HOC] + Mntt 

+ 3e- —1.46 
231. + Sn++ +3HO+4e- —1.47 
232. 3 Cl- + 2.Cr(OH); — 3 OCI- + 3 H,O + 2 Crt++ 

+ 6e— —1.47 
233. Cl- + H.O — HOC! + H+ + 2e- —1.49 
234. 2 + Cr++ + 4e- —1.51 
235. 4H.O + Mn++ — MnO,- + 8 H+ + Se- —1.52 
236. 3 Cl- + 2. Al(OH); — 3 OCI- + 3 + 2 Alt + 

+ 6e- —1.53 
237. + 2H+ + PbO. — 2HOCI + Pbt+ + 2e- —1.53 
238. 3 Cl- + Mn(OH); — 3 HOC] + Mnt++ + Se- —1.54 
239. + 2H+ + CrO.- — 2 HOCI+ Cr++ + 3e- —1.56 
240. 3 Cl- + Fe(OH); — 3 HOC] + Fe++ + Se- —1.58 
241. Cle, + H.,O — 2 HOC] + 2H+ + 2e- —1.593 
242. 3 ci- 2 Fe(OH); + 3 H.O 

+ 2 Fet++ + 6e- —1.616 

6 Cl- + Sn(OH)g-- — 6 HOC] + Sn+++ 10e- —1.62 
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TABLE 1 (continued) 


Oxidation reaction volts 


244. Cl— + Sn(OH)2 — OCI-— + + Snt++ + 2e- —1.63 
245. 4Cl— + — + Mnt+t + 4e- —1.66 
246. 2 + MnO2. — + 4H+ + 3e- —1.67 
247. Au— Aut + e- —1.68 
248. 2 H.O + PbSO, — PbO. + SO,-- + 4H+ + 2e- —1.685 
249, 2 HCOs— + Cu — CuCO; + 2H+ + 4e-— —1.70 
250. 2 Cl- + 2H*+ + MnO, — 2 HOC] + Mn++ + 2e- —1.71 
251. 3 Cl-— + Cr(OH)s — 3 HOC! + Crt++ + Se- —1.735 
252. 2 + Nit++ — NiO. + 4H+ + 2e- —1.75 
253. Cr(OH)s O2., + Crt++ + 3/, HO + 2e- —1.76 
254. 2 Cl— + CrO2— — 2 OCI— + Cr++ + 3e- —1.85 
255. 3 CI~ + 2. Mn(OH); — 3 OCI- + 3 H,O 

+ 2Mnt+ + 4e- —1.94 
256. 4CI— + Sn(OH),— 4 HOC! + Sn++ + 6e- —1.94 
257. + + CrO,-- — 4 HOC! + Crt++ 

4e— —1.96 

258. 2 Cl- + PbO. — 2 OCI— + Pbt+ + 2e- —1.96 
259. 2 + 2 Ag Ae COs + 2H+ + 4e- —2.02 
260. 4 + MnOQ,— — + Mntt+ + 3e- —2.03 
261. 3Cl-+2 Fe(OH); — OCI-— + 3H,0 2 Fet++ 

+ 4e- —2.04 
262. 3 Cl- + Sn(OH)s—~- 3 OCI- + 3 + Snt+ 

+ 4e- 
263. + MnOQ.— 2 OCI— + Mn++ + 2e- 
264. 4CI— + — 40CI- + Cr++ + 4e- —2.39 
265. Sn(OH), — + Snt+ + 2 HO + 2e- —2.39 


266. 2 Cr (OH)s — 30CI- + 3H.0+ 2 Crt++ 
+ 4e —2.42 
267. 2 Cl— + Sn(OH), OCI- + 2H20 + Snt++ + 2e- —3.26 


The standard oxidation potentials for half-cell reactions at other 
temperatures may be computed, if the free energies of the constitu- 
ents are known at the desired temperatures.. MacInnes* lists a num- 
ber of experimental values for oxidation potentials at temperatures 
from 0°C. to 50°C., some of which show variations of less than 1% 
and others of which vary as much as 30% over this temperature 
range. Some standard potentials increase in magnitude with increase 
in temperature while others decrease. 


*MacInnes, D, A., ‘‘The Principles of Electrochemistry,” Reinhold Publishing Corp., 1939. 
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APPLICATION OF THEORY 


The criterion for corrosion, Eq. 13, and the standard oxidation 
potentials may be used to examine the nature of a corrosion process, 
if the analysis of the water is known. All possible anodic reactions 
must be examined, in pairs, to determine which is the most anodic; 
and similarly with all possible cathodic reactions, to determine which 
is the most cathodic. The method is illustrated by the following 
examples. In order to conserve space, each reaction is referred to 
by the number assigned to it in Table 1, and it will be necessary 
to refer to Table 1 in order to follow the argument. 


EXAMPLE 1 
Determine the conditions for the corrosion of iron in pure water 
at 25°C. 


Solution: 
Anodic reactions. From Table 1, reactions 36, 48, 65, 74 and 


99 seem possible. Examining these in pairs, we have the following— 
Reactions 36 and 48 
AE*,, = 0.877 — 0.775 = 0.102 


0.102 
109-9594 — 53 


Since 1 is less than 53, reaction 36 is anodic to 48 and Fe(OH), may 
be formed at the anode, but not Fe(OH),. 
Reactions 36 and 65 
AE’,, = 0.877 — 0.566 = 0.311 


0.811 
1009-05914 — 105-25 
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Since 1 is less than 10°”, 36 is always anodic to 65 and Fe(OH), 
cannot be formed at the anode until the metallic iron is completely 
coated with Fe (OH),, and then only to the extent that Fe(OH), is 
capable of conducting electrons through to the metal. 


=1 


Reactions 74 and 99 
AE*,, = 0.44 — 0.036 = 0.404 


0.404 
10°-05914 10°-82 
(«pet 


Quo? 


«ip. tt 


t ++ 10 


74 is at equilibrium with 99 when 


pet + 


64 
tt = 10%. 


or when 


Hence, corrosion starts with the solution of iron as both Fe+++ and 
Fe++, but the equilibrium concentration of Fe+++ is so small that 
the solution of ferric iron may be ignored. 


Reactions 36 and 74 
AE’, = 0.877 — 0.44 = 0.437 


0.487 
109-5914 — 


(amt 
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1 
(aret + 
or when «ret++ 1.65 X 


or when «<ret+ > 1.65 


Hence, for 36 to be anodic to 74, the ferrous iron in solution must 
exceed the following concentrations: 


36 is anodic to 74 when < 107° 


ppm Fe*+ + pH 
9200 7.0 

92 8.0 

0.92 9.0 


0.0092 


This criterion indicates that 74 is anodic to 36 in pure water. Cor- 
rosion starts with the solution of iron as Fe+*+ and Fe(OH), can 
be formed at the anode only at pH values greater than about 9, and 
then only after there is considerable iron in solution. 

If the water with the corrosion products is kept in contact with 
the metal and H* is plated out as H, at the cathode, the pH will rise. 
The pH value at which 36 is at equilibrium with 74 may then be 
computed by noting that 

xpett = 1.65 X 
and 
[Fe++] = %[OH-]. 
This computation reveals that the rate of formation of Fe(OH), at 
the anode is equal to the rate of solution of iron as Fe++, when 
the pH value reaches about 9.18, assuming all activity coefficients 
are unity. 

Cathodic reactions. The only cathodic reaction of importance 
in the corrosion of iron in pure water is 100, the plating out of Ht 
as H, gas. The corrosion of iron in pure water is thus represented 
by the reactions 74 and 100: 


Fe+2H+ Fet+ +H, 
gas 


q 
| 
“J 
10.0 
4 
a 
_ : 
¥ 
J 
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Reactions 74 and 100 
AE’,,, = 0.44 — 0 = 0.44 


0.44 
1 (9.05914 107-48 


pap 
74 is anodic to 100 when ee 


< 1014-86 


or when «nt+ < 7.2 X 10% 


PH. 


I. If the H,_,, is allowed to escape, so that pn, approaches zero, 
corrosion will be rapid at all pH values below about 9. 

II. If the corrosion takes place in a closed vessel at 1 atm., the 
water will become saturated with H, and pn, will become 1 atm. 
Corrosion will proceed when 


< 7.2 X 


from which the ferrous iron in solution must be less than the following: 


ppm Fe* * pH 
4000 8 
40 9 
0.40 10 


0.004 11 


If the water containing all corrosion products is kept in contact with 
the metal, the pH will rise and 74 will reach equilibrium with 100 


when 


xpett = 7.2 10% 


The equilibrium pH may be computed by noting that 
[Fet*+] = 4%[OH-]. 
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This computation, with activity coefficients assumed at unity, reveals 
that corrosion will cease in a closed vessel when the pH reaches 9.72 
and the dissolved iron is about 1.45 ppm. At this point there will be 
a substantial coating of Fe(OH). on the metal, but the reaction which 


produces it, 36 and 100, or 
2OH- + Fe + 2H* Fe(OH). + H, 


has no effect on the pH or the iron in solution. 


EXAMPLE 2 


Determine the effect of dissolved oxygen on the corrosion of iron 
in pure water containing the oxygen. 


Solution: 

The dissolved oxygen affects only the cathodic reactions. From 
Table 1, reactions 100, 120, 160, 177, 198 and 220 seem possible at the 
cathode. Examining these in pairs, we have the following: 


Reactions 198 and 220 
AE’, = —1.273 + 1.386 = 0.113 


0.113 
10°-05914 


t 


198 is anodic to 220 when 
< 103-82 


o 2+ 


[O,,,]* 

I. If the water is saturated with dissolved oxygen from the at- 
mosphere, [O.,, ]4 = (0.209 X 1.263 K 10~*)4 = 0.1275, and 198 is 
anodic to 220 when 


cat? > 117 X 


or when <ret+ > 1.5 & 1074 


+4 
| 
i 
| 
o Fe 9 | 
“aq 
| 
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from which the ferrous ions in solution must exceed 


ppm Fet + pH 
6.5 X 10-5 3 
6.5 X 10-7 4 
Hence 220 is cathodic. 


II. If the water is only 0.01% saturated with O, from the 
atmosphere, [O,,,]4 = (10~* X 0.209 X 1.263 X 10~*)? = 0.01275, 
and 198 is anodic to 220 when 


> 1.17 107? 


from which the ferrous ions in solution must exceed 


ppm Fet+ + pH 
6.5 X 3 
3x 4 


Hence it may be concluded that, when there is a measurable quantity 
of dissolved oxygen, reaction 220 is cathodic and no water is formed. 
Reactions 120 and 220 


Examination of this pair shows that it is controlled by the same 
criterion as the pair 198 and 220, and 220 is cathodic. 


Reactions 160 and 220 
AE*,, = — 0.882 + 1.386 = 0.504 


0.504 
1009-95914 — 4098.52 


(«ret t+ [O.,,]#)#_ 1 


< 10®8.2 


160 is anodic to 220 when 


1 
[0,,,] 


or when [O,,, ] > wr, 
Hence Fe(OH),, instead of Fe(OH),, is formed at the cathode. 
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Reactions 177 and 220 
Examination of this pair indicates that 177 is anodic when 


2g t 


[0,,,]# 


"aq 


the same criterion as for the pair 198 and 220. Hence, Fe(OH), 
will not be dissolved from the cathode until the oxygen is exhausted. 


xptt > 1.5 X 10-4 


Reactions 100 and 220 
AE*,, = 0 + 1.386 = 1.386 


1.386 
10°-95914 1023-4 


Qioot ( PH ) 4 
+ [0,,,]*) =( «ret + pup [0.,, 
100 is anodic to 220 when 
pet px,[0,,,]? 


[0,,. 


At the start of corrosion, both px, and «re++ are zero. Hence, 
corrosion starts 74 and 100 to produce Fet++ and H,,,. When 
Pr. <re+t exceeds the above value, 220 becomes cathodic to 100 and 
corrosion continues 74 to 220. If the water is only 0.01% saturated 
with O, from the air, [0,,,]? = (10-* X 2.64 X 10-*)? = 2.07 X 
10~—°, and the equilibrium values of pu, «re++ are 


1048-8 


or when poy “ret > 1.6 X 107% 


Pa, ret t pH 
77x 2 
77x 3 
4 
7 


3 
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Hence, under the most favorable conditions, low pH and low 
«et +, pn, must be extremely small for hydrogen to be evolved at 
the cathode. For example, if <«ret+ = 10-7 (0.0058 ppm) and the 
PH is 2, the partial pressure of hydrogen must be less than 7.7 X 10-8 
atm. In the presence of measurable quantities of dissolved oxygen, 
therefore, corrosion proceeds 74 to 220; and no hydrogen is evolved 
at the cathode, unless it is liberated as fast as it is formed, so as to 
maintain the partial pressure of H, at practically zero. 


Reactions 74 and 220 


The principal reactions, therefore, in the corrosion of iron in pure 
water containing oxygen are 74 at the anode and 220 at the cathode, 
as follows: 


Anode: Fe——> Fet++ + 2e- 


3 
Cathode: Fe(OH), + Fet+ + H,O + 2e- 


The whole-cell reaction is: 


2aq 


which does not involve a change in pH. The reaction proceeds until 
the protective coating Fe(OH), insulates the cathode or until the 
O,,, approaches exhaustion. 


AE’,, = 0.44 + 1.386 = 1.826 
1.826 
10°-05914 = 1029-9 


1 
Corrosion should proceed until 10" 
[0.,,] 


or until = 


It should be noted, however, that reaction 100 will become 
cathodic long before this concentration of dissolved oxygen is reached. 


Fe + + H,O ( ) 
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Hence, if the protective coating of Fe(OH), does not stop corrosion 
before the oxygen is reduced to about 10—®, corrosion will continue 74 
and 100 with the evolution of H, and the pH will rise to equilibrium 
at 9.72 with about 1.45 ppm of Fe+* in solution. 


PROTECTIVE COATINGS 


It will be noted in Figure 1 that a Type I reaction at the anode 
is favorable to corrosion, since no solid deposit is formed at the anode 
as with Type II and Type III reactions. The continuance of the cor- 
rosion process with Type II and Type III anodic reactions depends 
upon the value of the deposit as a protective coating. It has already 
been shown that a protective coating of Fe(OH), will not be formed 
on iron, unless the pH value of the solution exceeds 9. It may be 
shown that a protective coating of Al(OH), will form on aluminum 
at the anode at pH values between 4.5 and 8. Below pH 4.5, alumi- 
num corrodes as Al+ ++ in a Type I anodic reaction and, above pH 8, 
aluminum corrodes as H,AlO,~ in a Type II anodic reaction. 

It will also be noted in Fig. 1 that a Type I reaction and certain 
reactions of Types IV and V at the cathode are favorable to corrosion, 
since no insulating deposit is formed. Certain Type IV and Type VI 
reactions at the cathode cause deposits and the effectiveness of these 
deposits in insulating the metal will determine their value as protec- 
tive coatings in stopping corrosion. It has already been demonstrated 
that Fe(OH), is formed at the cathode on iron in the presence of 
even a trace of dissolved oxygen. No water is formed at the cathode 
in the corrosion of iron, unless there is no iron in solution. 

In the plating-out of hydrogen at the cathode in acid solutions, 
the gas forms a momentary insulating film, which is removed as each 
gas bubble is released from the interface. An excess of voltage called 
the hydrogen overvoltage is required to cause this cathodic reaction to 


proceed rapidly. 
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PROCEEDINGS 
FEBRUARY 1946 MEETING 


HotTeEL STATLER, Boston, Mass. 
Thursday, February 28, 1946 


President Harold W. Griswold in the Chair. 

Secretary Conroy announced that the following had been elected 
to membership by the Executive Committee: 

Members: George N. Watson, Superintendent of Water Depart- 
ment, Braintree, Mass.; Angelo Iantosca, with Massachusetts Depart- 
ment of Public Health, Boston, Mass.; Paul M. Nickerson, Water 
Works Engineer, Hampden, Me.; James P. McCarthy, Water Plant 
Operator, Wickford, R. I.; Asa H. Copeland, Superintendent of Water 
Department, Tiverton, R. I.; Harry P. Danaher, Water Works En- 
gineer, Thomaston, Conn.; Charles J. Knoener, New England District 
Manager of Pitometer Co., New York, N. Y.; Oscar V. E. Jansa, Con- 
sulting Engineer, Stockholm, Sweden. 

Associate: R. E. Chapman Co., water well drilling, Oakdale, 
Mass. 

Chairman E. Sherman Chase of the Committee on Reciprocal 
Relations with the Institution of Water Engineers made a brief an- 
nouncement relative to the work of the committee. He stated that 
Past-President Karl R. Kennison had prepared an exchange paper, 
entitled “Water Supply Developments in Boston, Massachusetts, and 
Recent Additions to the Works”, which was presented at a meeting 
of the Institution of Water Engineers in December, 1945. This paper, 
together with abstracts of the discussions, was published in the winter 
number of Water and Water Engineering. Mr. Chase also announced 
that the committee has made tentative arrangements for Harvey B. 
Kinnison to contribute another exchange paper, dealing with the work 
of the Geological Survey in its hydrological division. 

A paper, “Water Supply Practice in Germany—1945”,, was read 
by Arthur E. Gorman, Consultant, Office of Surplus Property Utiliza- 
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tion, formerly Director, Water Division, Office of War Utilities, War 
Production Board, Washington, D. C. After presenting this paper, 
Mr. Gorman spoke on the opportunity for municipal water works to 
purchase surplus property and on the opportunity for the water works 
industry to codperate in supporting the housing program. 

Lieutenant John F. Kennedy, U.S.N.R., of the American Red 
Cross Speakers’ Bureau, speaking on behalf of the Red Cross War 
Fund, related some of his experiences in World War II. 

A paper, “The Development of Plastic Coatings for Corrosion 
Protection in the Water Works Industry”, was read by Arthur B. 
Smith, Amercoat Division, American Pipe and Construction Co., 


Chicago, IIl. 


Marcu 1946 MEETING 
STATLER, Boston, Mass. 

Thursday, March 21, 1946 
President Harold W. Griswold in the Chair. 


Secretary Conroy announced that the following had been elected 
to membership by the Executive Committee: 

Members: Gordon C. Tower, Superintendent and Chemist, Presque 
Isle Water District, Presque Isle, Me.; James F. Shurtleff, Town 
Manager and Manager of Municipal Water Department, Mansfield, 
Mass.; Donald B. Stevens, U. S. Public Health Service, Newbury- 
port, Mass.; Charles B. Perkins, President and Manager of Kingston 
Water Co., Wakefield, R. I.; Harry W. Kendrick, Superintendent of 
Water Department, Shelburne Falls, Mass.; Emery S. Littlefield, Jr., 
Superintendent and General Manager, Sanford Water District, Alfred, 
Me.; Carl H. Bergman, with Wallace & Tiernan Co., Auburndale, 
Mass.; Columbus G. Carley, Superintendent, Searsport Water Co., 
Searsport, Me.; Arthur W. Lawton, Clerk and Secretary, Torrington 
Water Co., Torrington, Conn.; Peter C. Karelekas, Chief Water En- 
gineer, Springfield Water Works, Springfield, Mass.; Clarence K. 
Dion, Superintendent and Engineer, Water Department, Westerly, 
R. I.; Edwin S. Evans, Chief Engineer, Dedham Water Co., Med- 
field, Mass.; Frank C. Barrows, Chemist, Bridgeport Hydraulic Co., 
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Bridgeport, Conn.; Edmund C. Sanderson, Water and Sewer Commis- 
sioner, Winchester, Mass. (Reinstated). 

Associate: Utilities Supply Corp., water works supplies, Boston, 
Mass. 

Upon motion of Sidney S. Anthony, duly seconded, it was voted 
that Past-Presidents Kingsbury, Carlton, Shaw, Sampson and Scott 
be appointed to the Nominating Committee. 

Upon motion of William W. Brush, duly seconded, it was voted 
that the Association appoint a representative to present its views 
on control of stream pollution, whether by the federal government 
entirely or by the state agencies with the advice of the Public Health 
authorities. 

It was then voted, upon motion of Leonard W. Trager, duly 
seconded, that Warren J. Scott represent the Association. 

Upon motion of E. Sherman Chase, duly seconded, it was voted 
that the New England Water Works Association pay the expenses of 
their representative to this hearing in Washington. 

It was then voted, upon motion of Warren J. Scott, duly sec- 
onded, that the Association go on record as favoring control of stream 
pollution by the states in codperation with the United States Public 
Health Service, rather than to have it all under federal control. 

A paper, “Metropolitan Water District Financing and the Cost 
of Metropolitan Water,” was read by Karl R. Kennison, Chief En- 
gineer, Metropolitan District Water Supply Commission, Boston, 
Mass. 

A paper, “Vocational Rehabilitation of Veterans and Disabled 
Veterans Training-on-the-Job,” was read by George P. Capen, Train- 
ing Officer, Veterans Administration, Boston, Mass. 

A paper, “Organic Coatings in Water Works Maintenance,” was 
read by D. R. Meserve, Manager of Technical Service for Organic 
Coatings Division, United Chromium, Inc., Waterbury, Conn. 

A colored movie, “Copper and Its Alloys”, was shown through 
the courtesy of Revere Copper and Brass, Inc., New Bedford, Mass. 
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SUPERINTENDENTS’ ROUND TABLE 
February 28, 1946 


Kenneth H. Damren of the Massachusetts Retirement Appeal 
Board presented the subject of “Retirement for Municipal Em- 
ployees.” He reviewed the history of State retirement acts from the 
State contributory system, started in 1912, to and including the latest 
revisions or amendments passed in 1945. 

The 1945 Legislature amended and liberalized the contributory 
retirement laws relating to employees of the Commonwealth and its 
political subdivisions, to become effective January 1, 1946, and to 
apply to all employees who are members of the retirement system 
on that date or who become members thereafter. Commencing January 
1, 1946, deductions for the retirement system will be five per cent of 
the employee’s total regular compensation and will no longer be 
limited to five per cent of the first $2,600 of regular annual compensa- 
tion. This will affect only those employees whose regular annual 
compensation is in excess of $2,600. Their retirement allowances 
will be increased because of the additional deductions which they will 
make. 

The member now has a choice of one of three options under which 
his retirement allowance may be paid. The new formula for deter- 
mining the amount of retirement allowance is simpler, more easily 
understood and will generally give substantially larger allowances 
than the present formula. Benefits payable for ordinary disability 
and accidental disability and in case of death, resulting from an acci- 
dent occurring while in performance of duty, are included in the new 
law. 

This new retirement law, Chapter 658 of the Acts of 1945, is of 
vital interest to all municipal employees and should be carefully 
studied, in order that the individual may be able to obtain the greatest 
benefits from it. 

This instructive meeting was sponsored by Nelson A. Boardman, 
Assistant Superintendent of the Water and Sewer Board, Danvers, 


Mass. 
C. RocErR PEARSON 
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Reports and Supervision, Valua- 


tions, etc., in all Water Works and 
Sewerage Problems 


89 BROAD ST. BOSTON, MASS. 


Edward F. Hughes Co. 
Water Works Contractor 


Foundation Borings 


53 State St., Boston 


Gravel, Artesian and Driven Wells 


TECHNICAL JOURNALS 


find the expert service of 
our typographers accurate and 
helpful. 


The Heffernan Press 


150 Fremont St., Worcester, Mass. 
Tel. 5-6184 


PRINTERS TO THE N.E.W.W.A. JOURNAL 


This Space 
Available For 
Your 
Advertisement 


(See inside back cover for rates) 


C. Reppucci & Sons, Inc. 
General Contractors 


Ground Water Supply 

Gravel Packed Wells Driven Wells 
Water Works Reservoirs 

Drainage and Sewerage Works 


10 Garden Court St., Boston, Mass. 
(Tel. Lafayette 7330) 


D. L. MAHER CO. 


Water Supply Contractors 


38B Brattle Street 
Cambridge, Mass. 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


KIRkland 1438 


LAYNE - NEW YORK CO. 


Inc. 
SUCCESSORS TO 
Layne-Bowler New England Corp. 
Well Water Supply Contractors 


New England Headquarters 
975 Mass. Ave., Arlington, Mass. 
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BALLQNS 


The REGISTER on every Hersey Water Meter is made and assem- 
bled with the precision of a fine clock. 

it must be so to protect Water Works interests adequately as 
well as those of the consumer. 


HERSEY MANUFACTURING COMPANY ee 
SOUTH BOSTON, MASS. 


BRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS — CHICAGO 
SAN FRANCISCO — LOS ANGELES 
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OTHER PRODUCTS 


in THE OMEGA une 


LABORATORY STIRRERS (Bulletin 13-14) 


DUST REMOVERS ond FILTERS 
(Bulletin 30T) and 


CHEMICAL ELEVATORS (Bulletin G100) 


Write for Bulletins and complete information. 


~ 
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OMEGA MACHINE CO. 


(DIVISION OF BUILDERS IRON FOUNDRY) 


63 Codding St., Providence 1, R. I. 
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ADVERTISEMENTS, 


The meter used by thousands 
of municipalities in the U S, 
ond obroad 


SURE TO MEET YOUR 
SPECIFICATIONS FOR ACCURACY, 
LOW MAINTENANCE, 

LONG LIFE 


Before you invest in water meters, get acquainted 
with the design and performance advantages 

which make Worthington-Gamon 

Watch Dog Water Meters first choice of so many 
municipalities and private water companies 

an the United States. 


WATCH DOG WATER METERS 
*Watch Dog” models... mode in ttandord copacities from 
20 gpm up: frost-proof and split cose in household sizes. Disc 
type, Turbine type or Compound type. Write for Bulletin. 


WORTHINGTON-GAMON 
METER COMPANY 


296 South Street, Newark 5, New Jersey 


Subsidiary of 
WORTHINGTON 


PUMP AND MACHINERY CORPORATION 


SS 
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ADVERTISEMENTS, 


Danvers Demonstrates 


Danvers, Mass., with some 3,500 Water Meters, has 
@ compact meter shop of which its Superintendent, 
Mr. Roger Esty, is justly proud. An — is its 
unique ‘baker wagon’"’ shelving, a cabinet with ten 
38” x 27” shelves, in which meter parts are stored 


E. all your Trident Meters, 


whether new or old, you need 
carry only one set of repair 
parts—the newest. The result- 
ant economy in parts inven- 
tory, in the amount of storage 
space required, and in the rec- 
ords necessary to keep track of 
them, is an item which no 
Water Department should 


overlook. 


NEPTUNE METER COMPANY * 50 W. SOth St. * New York 20, N.Y. 
Branch Offices in CHICAGO, SAN FRANCISCO, LOS ANGELES, 
PORTLAND, ORE., DENVER, DALLAS, KANSAS CITY, 
LOUISVILLE, ATLANTA, BOSTON. 


Neptune Meters, Led., Long Branch, Ont., Canada 


ee 
2 
| sh Shelf No, 1 — 24 1” Dise Chambers 
2-70 Registers 137 
3—48 Dise Chambers 
4—40 Bise Chambers 
%" Discs 
6—54 %” Discs 
7—35 1” Dises 
8-70 Gear Trains 
10—12 2” Dises 
yo Bottom caps, screws, nuts, bolts and other small 
mer parts are also readily accessible. 
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Attention Mr. Water Works Superintendent ! | 
CEMENT LINED SERVICE PIPE:— 


Resists Corrosion 
Has proven practical for nearly three-quarters of a century 


Immediate d.!ivery can be made to waterworks on 
both wrought iron and steel, black or galvanized. 


“SPECIFY EUREKA PIPE" 


EUREKA PIPE COMPANY, Inc. 


Manufacturers of CENTRIFUGAL CEMENT LINED PIPE and 
LEAD AND TIN LINED FITTINGS 


591-593 WASHINGTON ST. TEL. 3-9550 LYNN, MAss. 


Health and Protection First 


Water delivered through dirty pipes 
may be a MENACE. 
Incrusted water pipes mean inefficiency 
and loss of Fire Protection. 

We Guarantee the Results of Our 
Method of Cleaning. 


WRITE US. 
National Water Main Cleaning Co. 
30 Church Street New York City 


New England Representative: 
J. B. CONNERS 
115 Peterboro Street, Boston 15, Mass. 


PIERCE - PERRY CO. 


Wholesalers of 


Water Works Brass Goods. 
Byers Wrought Iron Pipe. 
Youngstown Steel Pipe. 
Valve and Service Boxes. 


Cement Lined Service Pipe 
Cement lined pipe has eliminated 


corrosion and metal contamination 
for 60 years 


Write for Literature 


Cement Lined Pipe Co. 
Lynn, Mass. 


Telephone, Hancock 7817-7818 


236 Congress St., Boston, Mass. 
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ADVERTISEMENTS, 


For 41 years wuter- 
works men have told 
us of their satisfaction 
with Badger Water Me- 
ters. You, too, can get 
“‘More for your money”, 
in Badger Meters. 


Above, left, Model A-IOT, 
frost proof meter, designed 
for cold climates. Above 
right, Model SC-IOT, (split 
case), designed for warm- 
er climates. Oil enclosed 
or open type gear trains 
are optional, 


Three Piece Disc — 
The disc is of the 
flat three piece de- 
sign. Component 
parts are made of 
the best grade of 
vulcanized rubber. 
Extreme care is tak- 
en to see that all 
parts are concentric 
with each other. 


Two Piece Measur- 
ing Chamber — Snap 
joint construction; no 
screws; all bronze. 
Smooth internal sur- 
face eliminates ex- 
cessive wear and 
maintains accuracy. 
An actual comparison 
will convince you. 


Circular Reading Reg- Straight Reading Reg- 
isters—All parts of isters — Non-ferrous 
non - ferrous mater- materials; heavily 
ials, heavily plated plated. Indestructi- 
to guard against cor- ble brass number 
rosion, All bearings wheels are not af- 
are rubber bushed. fected by heat. Dials Offices: 
Dials have heavy are of the same high Branch exas - 

copper base; black quality as used on - Waco, Seattle, ws 
letters on white por- all regular Badger Utah a hia, Pa. -. ? 
celain for ease in circular reading rege PhiladelP Kansos ie Angeles, 


reading. isters. 


he 
Let ix 
ger Meters SINE for you! 
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HYDRO-TITE 


AND DRY BRAIDED FIBREX 


HYDRO-TITE _ is self-caulking 
sulphur base jointing compound used to 
joint bell and spigot cast iron water mains 
and soil pipe. It comes in powder form 
which insures uniformity and quick melt- 
ing. 
When poured into a joint, HYDRO-TITE 
immediately solidifies upon contact with 
the metal and bonds to both the surfaces 
of the bell and the spigot for the entire 
depth of the joint. It requires no caulking 
and after pouring a joint, water pressure 
may be immediately applied. 


HYDRO-TITE _is easy to use, no 
skill being required to make joints that 
ING JOINT COMPOUND FOR - will stand any pressure the 
CAST IRON BELL AND SPIGOT 
WATER MAINS 


pipe will stand. 


DRY BRAIDED FIBREX 


USED LIKE BRAIDED JUTE 
WILL NOT BREED BACTERIA 


A SANITARY Packing used in jointing bell 
and spigot pipe for water, sewer mains and soil 
pipe. 


FIBREX was designed for use with Hydro-Tite 
and other self-caulking compounds, but is entirely 
suitable also for joints made with lead, and for 
Sani-Tite and other asphalt sewer joint compounds. 
Thousands of pounds of Fibrex are already in 
service on water lines throughout the country. 60 Lb. Reels 


HYDRAULIC DEVELOPMENT CORPORATION 


Main Sales Office: 50 CHURCH STREET, NEW YORK, N. Y. 
Works: WEST MEDFORD STATION, BOSTON, MASS. 
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ADVERTISEMENTS, 


UNDIVIDED RESPONSIBILITY 


Two Fairbanks-Morse Diesel Pumping units at the Noquochoke Reservoir 


station, Fall 


River, Mass., deliver their daily quota of 20 million gallons to supply Fall River’s 
hard-pressed industries. 


When Fairbanks-Morse Diesels drive 
Fairbanks-Morse Pumps there is a 
unity of command that insures you 
complete protection, with but one manu- 
facturer having responsibility for per- 
formance of the equipment. 


Fairbanks-Morse Diesel Pumping 


units have built up an enviable record 
of dependable, economic service in 
numerous Municipalities and Industries 
throughout the nation. 

A Fairbanks-Morse engineer is on 
call to help you solve your pumping 
problems. 


Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue 


Boston 10, Massachusetts 


Telephone: Lafayette 3600 


WATER SYSTEMS 

MPS: WASHERS-IRONE 

ELECTRICAL MACHINERY FARM EQUIPMENT 
STOKERS. 


FAIRBANKS 
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ADVERTISEMENTS, 


Check items in whic 

terested and mail with your le 
head to Builders-Providence, 
(Division of Builders Iron Fi 

26 Codding St., Providence 1, R. 1. 


VENTURI METERS 


Bulletin 293C 


For measuring the flow of water, sewage, 
air, ete in main pipe lines with minimum 
pressure loss. 


BUILDERS 


VENTURI WATER WORKS 
CONTROLLERS 


Bulletins 321A and 325A 


Automatically maintain constant flow rate 
through filter Direct-acting and hy- 
draulically-operated types. 


TYPE M and 
FLO-WATCH INSTRUMENTS 


Bulletins 324A and 318B 


Universally applicable for totalizing, in- 
dicating.recording flow through Venturi 
Tubes, Nozzles, Orifice Plates, Kennison 
Nozzles, Parshall Flumes, etc. 


FILTER GAUGES 


Bulletin 329A 
Designed with simple elements, in modern 
styling, to show of Head, Rate of 


Flow, etc. Exclusive Diaphragm-Pen- 
dulum actuation 


KENNISON NOZZLES 
PARSHALL FLUMES 


Bulletin 334A 


Accurately measure flow through tially 
filled pipes and open channels. - 


SAND EXPANSION GAUGES 
Bulletins 335 and 348 


Accurate control of both rate and extent 
of sand expansion in filter beds for eleaner 
filters with less wash water. 


TOLEDO CHRONOFLO 


CONVEYOR SCALES 
Bulletin 322A 
For weighing og cake and other dry 


materials in transi 


CHRONOFLO TELEMETERS & 
SUPERVISORY CONTROLS 


Bulletin 320A 
Bring to a central operating point accurate 
records of tank or reservoir level, flow, 
pressure, gate position, weight, etc. Remote 
control of pumps and valves. 


PROPELOFLO METERS 
Bulletin 350A 


Improved propeller-type main line meter 
with Venturi design for cold water, hot 
water, clarified sewage effluent, etc. 


BUILDERS 


AUXILIARY EQUIPMENT 


Continuous flushing devices and indicators. 
Air Relay Transmission system. Weather- 
proof housings. Wheeler Bottom Forms. 
Sediment Tanks. 


For over 50 years Builders has fur- 
nished equipment designed specifically 
for Water and Sewage Works. Builders 
designs have continuously 
modernized through our own research 
and the recommendations of operating 
and consulting engineers. 


BUILDERS-PROVIDENCE, INC. 


26 Codding Street, Providence 1, R. I. 
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ADVERTISEMENTS, 


FIRE HYDRANTS 


Trucks and cars in steadily increasing 
numbers are rolling off the assembly 
lines and through the streets of your 
town. Swollen traffic conditions means 
more hydrant casualties from skidding, 


swerving, out-of-control vehicles. 

When a big ten-wheeler or a conver- 
tible coupe crashes into one of your 
hydrants and breaks it off, does it mean 
excavation, complete replacement of the 
hydrant and a lengthy interruption of 
water service and fire protection? 

Not if the hydrant is a Kennedy SAFE- 
TOP! When a SAFETOP is struck by an 
impact which no hydrant could with- 
stand, breakage is confined to the inex- 
pensive Safety Breakable Section shown 
below. There is no interruption of water 
service and no necessity for excavation. 
One man can put the hydrant back in 
service in less than half an hour with 
parts costing only $6. 

Yet a SAFETOP costs no more than a 
conventional type of hydrant. Why not THE KENNEDY VALVE MFG, C0. 
write today for complete details, and for 
information regarding delivery? ELMIRA, N. Y. 
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ADVERTISEMENTS, 


DE LAVAL 


CENTRIFUGAL WATER WORKS PUMPS 


City of Marlborough, Mass. 
Metcalf & Eddy, Cons. Engrs. 


We have recently been awarded the contract to modernize the 
Lake Williams & Millham Pumping Stations, Marlborough, Mass. 

This is one of the first and largest postwar Water Works moderni- 
zations in New England. We are to remove the obsolete pumping 
equipment and replace it with six modern DeLaval Heavy Duty 
High Efficiency Pumps. 

Our contract covers all the work including switchgear, wiring, 
all piping, painting, testing and turning over to the City in operat- 
ing condition. 

We will show you “before and after” photographs in succeeding 


issues of the JOURNAL. 


TURBINE EQUIPMENT COMPANY OF 
NEW ENGLAND 


80 Federal Street Phone LiBerty 5993-5994 Boston, Mass. 


New England Representatives for 


DE LAVAL STEAM TURBINE COMPANY 
TRENTON, NEW JERSEY 
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ADVERTISEMENTS, 


Ingot or 


Whether the caulking job calls for ingots for cast lead joints or 


corrode and cause weak spots. The stresses due to normal pipe 


lead wool for cold caulking, the primary requirement in either OTHER 
case is lead of high purity. PRODUCTS— 
Don’t take chances with inferior caulking lead which may have LEAD PIPE 
been manufactured from scrap material containing a large per- SOLDER 
centage of impurities. 

When present in a caulked joint, impurities on the surface will RED LEAD 


movement concentrate at these areas and failure results. 


Our lead, both in ingot and wool form, is made from selected 
metals and carries the Lead Industries Association Seal of Ap- 
proval as a guarantee of its quality. 


NATIONAL LEAD COMPANY 


OF MASSACHUSETTS 
800 Albany Street Boston 6, Massachusetts 


CALL US... 


We maintain a staff of experienced men and women 
whose services are offered to Boston Edison Cus- 
tomers to help in solving any problem they may 
have about any phase of Electric Service. 


You are invited to call us... 
your request will receive our immediate attention 


BOSTON EDISON company 


39 Boylston Street, Boston, HANcock 3300 
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ADVERTISEMENTS. 


Famous Facts 


The first Pony Express started from 
both Sacramento, Calif., and St. 
Joseph, Mo., 1,960 miles apart, on 
April 3, 1860. There were 80 riders 
and 420 horses. Letters were carried 
for $5 each until the service ended in 
October, 1861. 

By 1860, Bitumastic Enamel — the 
first product of its kind—had already 
won acclaim as an outstanding pro- 
tective coating for ships against in- 
ternal corrosion in bilges, double 
bottoms, coal bunkers, and other sur- 
faces exposed to severe corrosion. 


Bitumastic Enamel has an outstanding 
record in protecting water and sewer- 
age pipe lines in the major cities of 
the United States. Used as a spun 
lining, it prevents tuberculation and 
rates a Williams and Hazen Coeffi- 
cient of 155 on pipe of 16 inch 
diameter or larger. As a coating it 
assures maximum service life. 
Bitumastic Enamels can be applied 
by your own workmen under certain 
conditions or by our contract depart- 
ment. 


Westfield, New Jersey 


New York * Philadelphia * Cleveland * Chicago 
Houston ¢ Tulsa * Miami 


Los Angeles 


* San Francisco 


MONITOR 
COVERS 


For large meter Ly Ford MONITOR 
Covers are ideal. They are made 
for 24”, 30” and 36” tile. have a 
20” lid opening and are 7” deep. 
Inner lid optional. All sizes have 
the Lifter Worm Lock. Catalog and 
further information on request. 


FORD 


WABASH, IND. 


JOINTING BELL & SPIGOT MAIN 


with THIS Compound 
Sidesteps Potential Trouble 


Wetting by storm or flood won't hurt 
it. 

Shakedown in transit won’t upset its 
composition. 

Skilled labor, caulking or deep bell 
holes are not required. 

Laying moves quickly; backfilling can 
follow immediately. 

Traffic hazards due to open trenches 
may be quickly eliminated. 


SAVES TIME, MONEY, LABOR 
for further information, write 


THE ATLAS MINERAL PRODUCTS COMPANY OF PENNA, 


Mertztown Pennsylvania 
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to serve you better 


41 


COPPER - BRASS LEAD IRON 


WATER WORKS PRODUCTS 
ZS HAYS MANUFACTURING CO., ERIE, PA. 


A 

ty 

HEN orders outrun production there are 

only two ways out; to turn dow? orders, OF to in- 
crease production facilities: i 
Because We chose the latter alternative we have 
had to puy oF erect 086 tional build increase and 
ae modernize equipment, streamline the whole layout. 
3 e . 
We are proud of out sncreased ability t© serve 

old customers ana new: your travels ever 

ning you within hailing distance of Erie, let us 
es ‘a show you the plant that is turning out the famous 

_ ola Hays line of Watet Service Goods with the 

. ° same old quality and in far greater amounts of out 

best prewar records: 

eeee 
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et its efficiency of 87% 
18 is unchallenged today 


YEARS 


MORRIS 


2-Stage 10° Pump 


delivers 2780 GPM against 350’ TDH at Montclair Water Works 


Built 18 years ago, this Morris 2- 
stage Pump—in the Montclair (N.J.) 
Water Bureau—still works with 87% 
efficiency against a 350’ TDH... . 
belying the old theory that a pump 
is obsoleted in 10 years by normal 
advancement in hydraulic design. The 
efficiency is high even for today’s 
most advanced designs. And with effi- 


ciency practically at its upper limit, 
ruggedness and long life become in- 
creasingly important from the stand- 
point of over-all cost and economy. 
Morris Pumps give all three: 1, high 
efficiency that ranks with the best; 
2, ruggedness for long wear and mini- 
mum replacement; 3, economical and 
efficient performance over a longer 
period of years. 


Engineered to the Job 


Every Morris Pump is engineered to 
give optimum performance under the 
specific conditions of use. Morris 
specializes in a very efficient line of 
large - diameter - impeller, double - 
suction pumps which are especially 
suited to meet high head require- 
ments with a fewer number of stages. 
That is why a 2-stage pump, driven 


by a 3800 H-P., 3-phase, constant 
speed motor, turning at 1770 rpm was 
entirely adequate for the Montclair, 
N. J., job. 


MORRIS MACHINE WORKS Baldwinsville, N. Y. 


Sales Offices in Principal Cities 


CENTRIFUGAL PUMPS 
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ADVERTISEMENTS, 


Valves and Hydrants 


Distinctive Features of the EDDY Valves 


Cc three parts are moved by the Stem—the 
ball and the two gates. Each gate is hung 
from one of the trunnions on the ball. A convex 
surface at the base of each trunnion fits a concave 
surface on the back of the gate. This allows the 
gates to adjust themselves properly to their seats. 

The gates, being free to revolve on the 
trunnions, do not always seat in the same position. 
Gates are center bearing and adjustable. They 
are forced to their seats with equal pressure at all 
points. There are two hooks on the ball on sizes 
4-inch and larger, which loosely engage with the 
gates. 


Distinctive Features of Our New Swivel 
Top Hydrants 


T™ new hydrant has all the advantages of the 
popular EDDY fire hydrant, plus several addi- 
tional features. Nozzles are in a_ short 
flanged section of the standpipe, which may be un- 
bolted and turned to different positions. 3 
Should the standpipe be broken, only the “cast: 
ing below the swivel head need be replaced. 


To raise the hydrant to conform to a 


having a steamer nozzle. 


WATERFORD 


new grading, simply insert a flanged extension 
piece below the swivelhead. No digging. To 
add a steamer nozzle at any time, it is only 
necessary to replace the swivel head with one 


Besides valves and hydrants to meet the most 
exacting demands of waterworks service, the 
complete EDDY Line includes: valves for 
sewage disposal works; valves for steam, gas 
and oil; check valves, foot valves, plug valves, 
shear gates, indicator posts, etc. EDDY valves 
are made in three classes: Iron Body Bronze 
Mounted, All Bronze, and All Iron Valves. 


Eddy Valve Co. 


NEW YORK 
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ADVERTISEMENTS, 


1940 | 1941 


BREAK-POINT CHLORINATION 


NORMAL CHLORINATION 


*indicoted Number 


...and cut gas-formers 99.2% 


Charted above is half of adouble- Representative today for further 

barreled story of Break-Point details. He'll be glad to show you 

Chlorination in action. from actual experience — how it 
can give your community a safer 
water — often at lower cost. 


First, improved coagulation and 
longer filter runs resulted in a sav- 
ing in chemical costs of ten cents 


per million gallons treated. And BACTERIOLOGICAL DATA 
second, the free available chlo- NORMAL 8-P 
rine residuals maintained through- = 


Total Bact. per mi (evg.) 


out the system by Break-Point ne 
Chlorination reduced gas-formers Filtered 1 
in the finished water 99.2%. Finished 1 ’ ° 


This case shows what Break- 
Point Chlorination can accom- 
plish. Call your Wallace & Tiernan 


‘The Only Safe Water is a Sterilized Water” 


WALLACE & TIERNAN 


COMPANY, INC. 


MANUFACTURERS OF CHLORINE AND AMMONIA CONTROL APPARATUS 
NEWARK 1, NEW JERSEY ¢ REPRESENTED IN PRINCIPAL CITIES 


8A-196 


XX 
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EDSON 


and ACCESSORIES 


Hand Pumps - Power Pumps 
Truck or Trailer Mounted 
Edson Special Suction Hose 

Red Seal Diaphragms 

Edson Bronze Hydrant Pump 

Strainers, Adapters, etc. 


PUMPS 


Distributors for 
Pollard Pipe Line Equipment 
Electric Pipe Thawers 
Universal Pipe Locator 


THE EDSON CORPORATION 
49 D STREET, Tel. SOUth Boston 3041 SOUTH BOSTON 
New York: 142 Ashland Place, Brooklyn 


Warren Foundry & Pipe Corp. 


Warren Pipe Co. of Mass., Inc. 


SALES OFFICES 


11 BROADWAY, NEW YORK 
73 FEDERAL STREET, BOSTON, MASS. 


Manufacturers of 


CAST IRON PIPE 


Flanged Pipe Flexible Joint Pipe 
Bell and Spigot Pipe 
Special Castings Short Body B. & S. Specials 


Warren (W) Spun Centrifugally Cast Iron Pipe 


WORKS: PHILLIPSBURG, N. J. and EVERETT, MASS. 
Large Stock Enables Us to Make Prompt Shipments 
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Get Full Service From Old Mains 


The most practical way to meet today’s overload 
demand is to clean clogged water mains. FLEXIBLE 
Underground Pipe Cleaning Co., specializes in such 
jobs— any size—2” to 72”. 


RAY BAHR 


41 GREENWAY, HAMDEN, CONNECTICUT 


New England 
Representative 


Pipe Founders Sales Corporation 
CAST IRON PIPE AND FITTINGS 
FOR 
Water, Steam, Gas and Culverts 
Special Flanged and Bell and Spigot Castings 


Lyncast Iron Chemical Castings 
Office: 6 B Street, Bost Warehouse and Yard: East Cambridge, Mass. 


UTILITIES SUPPLY CORPORATION 


Affiliated with Edward F. Hughes Company (Est. 1910) 


Distributors of Water Works Supplies and 
Materials for Mains and Services 


Atlas Mineral Products Co., Mineralead & Jointing Materials 

Cast Iron Pipe Fittings 4” to 12” 

Revere Copper & Brass Co., Type “K” Copper Tubing 

Byers Pipe Co., Wrought Iron Cement Lined Pipe 

Hauck Mfg. Co., Melting Furnaces and Torch 
Burners 

National-Boston Lead Co., Caulking Lead & Lead Wool 

U. S. Rubber Co., Rubber Sheet Packing & Hose 

Walworth Co., Ince., Pipe Fittings, Wrenches and 
Service Valves 

Ames-Baldwin-Wyoming Co., Shovels 

Hays Mfg. Co., Water Works’ Brass Goods 

Office Warehouse 
53 State Street WATERTOWN, MASS. 


BOSTON, MASS. 
BOWdoin 8777 
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18797 OS S— 1879 


AUTOMATIC VALVES 


Controls elevation 
of water 
in 
tanks, basins 
and 
reservoirs 


ALTITUDE VALVE 
1. Single Acting 
2. Double Acting 


Maintains 
desired discharge 
pressure 
regardless 
of change 
in 
rate of flow 


REDUCING VALVE 

Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, etc. 


A self contained 
unit, with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic control both di- 
rections through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 


2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution and 
pump 
discharge 


SURGE-RELIEF VALVE 


Electric 
remote control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or second- 
ary control on any of the hydraulically 
controlled or operated valves. 


ROSS VALVE MFG. CO., INC. Box 592 TROY,N. Y. 
“BLUEPRINT NOW!” 
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APPL'D FOR 
JOINT STRONGEST PART 


Fig. 220 


Tee Head Recessed Stop and Waste 


RED HED MFG. CO. 


Is a New England Manufacturing concern, owned and operated 
by New England men who have had more than a half century 
of close association with Water Works Superintendents, 


Managers and Engineers. 
During our twenty-four years of existence of RED HED MFG. 


CO. it has been our constant aim to manufacture the best 


Water Works brass goods we could make. 
We manufacture but one quality of Water Works brass goods. 


We have no second grade to offer. 
Experience has proven that RED HED brass goods have given 


better service with less maintenance cost and a minimum 
amount of annoyance, trouble and expense in the matter of 


replacements. 


RED HED MFG. CO. 


Manufacturers of 


RED HED Brass Goods for Water Works 


368 Congress Street Boston, Mass. 
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DESCRIPTION 


%Proportioneers% Duplex Chem-O- 
Feeder is a constant rate of feed duplex 
diaphragm pump with two reagent 
heads for feeding one or two liquids. 
The unit is provided with standard 
“See-Thru” plastic reagent heads and 
the feed of each pump is manually 
adjustable while pump is operating by 
means of stroke length adjustment 
knob. The mechanism is enclosed in an 
oil bath and the stroking arrangement 
is designed for feeding an almost con- 
stant stream. This unit is provided with 
Y% HP or % HP motor for feeding 
against positive pressures of up to 100 
Ibs. per square inch. 


CHEMICALS HANDLED 


Calcium and sodium hypochlorite — 
aqua ammonia — aluminum sulphate 
— sodium carbonate — lime slurry — 


caustic — carbon slurry — ferric chlo- 
ride — ferric sulphate, etc. 


SPECIFICATIONS 
(per pump head) 


Stroke length : 
Delivery per stroke . . 0 to 9.5 cc (at 10 Ibs.) 
0 to 8.3 cc (at 100 Ibs.) 
17, 32, 57 strokes per minute 
- 8.6 GPH (at 10 Ibs.) 
7.5 GPH (at 100 Ibs.) 
Maximum operating pressure — 
125 Ibs. per sq. inch. for intermittent duty 
100 Ibs. per sq. inch. for continuous duty 
Maximum chlorine feed per 24 hours using 
12%% sodium hypochlorite solution . 200 Ibs. 


TYPICAL USERS 


Water Plants (municipal and private) * Swim 
Pools (municipal and private) * Bottling Plants, 
Bleacheries * Oil Producers (secondary recov- 
ery) etc. 


SHIPPING INFORMATION 
Net weight. . 110 Ibs. 


Gross weight . . 


Stroking rate . . 
Moximum capacity . . 


63 CODDING STREET, PROVIDENCE 1, RHODE ISLAND 
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ATTENTION 
IS THIS JOURNAL PROPERLY ADDRESSED? 


If not, please send this notice to the Office of the Secretary, 609 


Statler Building, Boston, Mass., giving the correct information. 


Name Title 


Dept. or Company Street and Number 


City State 


A Well Organized Plant, 


especially for printing Books, Pamphlets and Technical 
Journals, as well as Commercial Forms of all sorts. 


THE HEFFERNAN PRESS 


150 FREMONT STREET 
WORCESTER, MASS. 


Tel. Worcester 5-6184 


WANTED: 


Young man with New England waterworks background preferred — 
familiar with pipe work — to work in New England. Engineering not 


necessary. Write 


NATIONAL WATER MAIN CLEANING COMPANY 
50 Church Street, New York 7, New York 
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WORTH 
KNOWING 
N 


A hard, iron bearing 
municipal water sup- 
ply can do more to 
halt city growth... 
according to authori- 
ties... than any other 
single factor. The 
publicis no longer 
tolerant of damaged 
plumbing fixtures, 
scale-clogged heating 
systems, wasted soap, difficulty in 
laundering and dishwashing, iron- 
stained garments, etc., just to men- 
tion a few of the problems caused by 
the presence of hardness and iron in 
a municipal water supply. 


THE GRAVER COMBINATION IRON 
REMOVALAND SOFTENING SYSTEM 
ENDS ALL THESE DIFFICULTIES 


With this equipment iron is removed 
from the entire water supply either by 
aeration or by passing the water thru 
basic exchange units. After oxidation 
in an aerator the water is delivered to 
filters for the filtering out of the 
formed iron precipitate. A portion of 
the water is then passed thru Graver 
Zeolite Softeners and softened to zero 


No. 6 in a series 


Graver Iron R 
in an Indiana municipality. 


SOFT WATER 


l and Softening System installed 


hardness. The final effluent from the 
zeolite softeners is blended with the 
iron-free raw water to produce any 
desired degree of hardness. The wa- 
tes thus produced is ideal for munici- 
pal use, being iron-free and soft. 


GRAVER CAN HELP YOUR CITY GROWTH 


Your city can join the hundreds of 
steadily growing communities who 
enjoy iron-free soft water thanks to 
Graver Equipment. Graver experi- 
ence... 35 years of it... in design- 
ing, building and erecting of water 
treating units of all types... is your 
assurance of dependable, trouble-free 
service. 

Whatever your water problem may 
be, consult Graver. Write, wire or 
phone for immediate attention. 


Eastern Representative: Ryan Power Equipment Co. 
39 Niagara Street, Buffalo, New York 


Process Equipment Division of 


GRAVER TANK & MFG.CO..[NC. 


4809-79 Tod Avenue, East Chicago, Indiana 


Chicago 
Catasauqua, Pa. 


New York 
Tulsa 
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IN YORK -- HEART OF THE 
PENNSYLVANIA DUTCH COUNTRY - - 


home of a people noted for thrift, foresight, and good 
architecture, this Ludlow List 75 Slide Gate Hydrant 
was installed over 23 years ago. 

Today it continues to give dependable service — its 
good design still well fitted to its surroundings... still 
typical of the traditional American scene. 

Quick water — proper shut-off without water hammer — correct 
drainage — easy inspection and service. These are features you 


need and want. 
You'll find them in all Ludlow Hydrants. Let us send you full 


information. 


THE LUDLOW VALVE MFG. CO., INC., TROY, N. Y. 


LUDLOW : 
HYDRANTS & VALVES 


SINCE 1866 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS 


AIR CONDITIONING EQUIPMENT. 


Worthington. Pump and Machinery Corps. vi 
AIR COMPRESSORS. 

Worthington Pump and Machinery Corp. .................ccecceeeceeceecees vi 
ASBESTOS CEMENT PIPE. 


BRASS GOODS. 
(See also Pipe, Brass.) 


CALKING MACHINERY AND TOOLS. 


CAST IRON PIPE. (See Pipe, Cast Iron.) 
CEMENT LINED PIPE. (See Pipe, Cement Lined.) 


CHEMICAL FEED APPARATUS. 
Builders-Providence, Inc. 


Division of Builders Iron Foundry xii 


CHLORINATORS. 


Builders-Providence, Inc. 

Division of Builders Iron Foundry ...................... «i ae 
Omega Machine Co. (Division of Builders Iron Foundry) a Vv 
% Proportioneers, Inc. % ..... xxv 


Wallace and Tiernan Co. Inc. 


CLAMPS, RIVER. 
Dresser Mfg. Co. 


CLEANING WATER MAINS. 


Flexible Sewer Rod Equipment Co. ................sscseseeeeeeeeeseeeeeeres xxii 

COCKS, CURB AND CORPORATION. 


(See Pipe, Concrete.) 


CONCRETE PIPE. 
CONDENSERS. 


Worthington Pump and Machinery Corp. ...... .......cceceeeccecceeceecees vi 
CONTRACTORS’ 


Worthington Pump and Machinery Corp. ..............cccccsecceeccercecces 


CONSTRUCTION EQUIPMENT. 


CONSTRUCTION AIR TOOLS. 
Worthington Pump and Machinery Corp. .............::seeeceeeeeeeeeeeeees 


CONTRACTORS. 


National Water Main Cleaning Co. ...........-sccceecececcerscetocesceecees viii 

COUPLINGS, FLEXIBLE PIPE. 


CURB BOXES. 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


DIAPHRAGMS, PUMP. Page 
ENGINEERS. 


Pitometer Co. 


Potts, Clyde ii 

Weston & Sampson iii 

Whitman & Howard iii 
ENGINES. (See Pumps and Pumping Engines.) 
EQUIPMENT (See Contractors’ Equipment.) 
ERECTORS, WATER WORKS AND POWER MACHINERY. 

FEED WATER FILTERS. 

FEED WATER HEATERS. 

Werthington fump-and Machinery Corp. vi 
FILTRATION PLANT EQUIPMENT. 

Builders-Providence, Inc. 

Omega Machine Co. (Division of Builders Iron Foundry) ................ v 

FLEXIBLE JOINTS. 

FLAP VALVES. 

ETC. 

GATE VALVES. (See Valves.) 
HOSE, SUCTION AND CONDUCTION. 
HYDRANTS, FIRE. 
HYDRANT PUMPS. 
INSTRUMENTS. (See Water Works Instruments.) 
LEAD. 
LEAD PIPE. (See Pipe, Lead.) 
LEAD WO 
xv 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


LEAK FINDERS. 
METERS, WATER AND OIL. 

Builders-Providence, Inc. 


Division Gf Watldecs Tron: ne xii 

Pittsburgh . Equitable Meter Co. Following front cover 

Worthington Pump and Machinery Corp. ............cccccecncccsccceccvees i 


METER COUPLINGS. 


METERS (VENTURI TYPE). 


Builders-Providence, Inc. 


METER BOXES. 

METER TESTERS. 


OIL ENGINES, DIESEL. 


PIPE, BRASS. 


PIPE, CAST IRON (AND FITTINGS). 
Builders-Providence, Inc. 


U. S. Cast Iron Pipe and Facing back 
Warren FPoundsey and Pipe Corp. 

PIPE, CEMENT LINED. 


PIPE COATINGS AND LININGS. 
Barrett Division, The (Allied Chemical & Dye Corp.) ... 


PIPE, CONCRETE. 


PIPE CUTTING MACHINES. 


.Following front cover 


PIPE JOINTING MATERIAL. 


PIPE, LEAD. 


PIPE LINING. 


PIPE, TRANSITE. 

PIPE, WROUGHT IRON AND STEEL. ’ 


PLUG VALVES. 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued) 


PITOMETERS. P; 


PORTABLE AIR COMPRESSORS. (See Air Compressors.) : 
PRESSURE REGULATORS. 
PROVERS, WATER. 
Pittsburgh Equitable Meter Co, Following front cover 
PUMPS AND PUMPING ENGINES. q 
RATE CONTROLLERS, AND GAUGES. : 
Builders-Providence, Inc. a 
SHEAR GATES. : 
SLEEVES, PIPE LINE REPAIR. 2 


SLEEVES, RIVER. 


SLEEVES AND VALVES, TAPPING. 


SUPPLIES AND 
Hays g. 
Leadite Co., The Fats 
Pierce-Perry Co. .... 
Smith Mfg. Co., The A. P. 


Following front cover 


TAPPING MACHINES. 


TAPPING SLEEVES. (See Sleeves and Valves, Tapping.) 
VALVE BOXES. A 
xix 
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VALVES, GATE. 


Eady Vaive Co. 

Kennedy Valve Mfg. Co. xiii 
Smith Mfg. Co., The A. P. ‘Following front cover 


VALVES, REGULATING. 


WATER WASTE DETECTION. 


WELL CONNECTIONS. 


WROUGHT IRON PIPE. (See Pipe, Wrought Iron and Steel.) 
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A cast iron main, properly laid, comes as close to permanent con- 
struction as can be predicted in a changing world. Since its useful 
life is measured by centuries it need never be replaced except as 
a larger main is required by population growth, and need never be 
abandoned should the line be rerouted because of shifting popula- 
tion. It will serve out its full span in the original location or else- 
where. And when it is just settling down to the prime of life, any 
bonds issued to pay for the installation will have long since been 
retired and forgotten. Cast Iron Pipe Research Association, T. F. 
Wolfe, Engineer, 122 S. Michigan Ave., Chicago 3. 


CAST IRON PIPE 
SERVES FOR CENTURIES 
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Long life and low annual maintenance cost provide 
the true index to economy in underground mains. 
With these factors assured, as in U. S. Cast Iron Pipe, 
a higher first cost is soon offset by low cost per serv- 


ice year. Ultimately the difference in initial invest- 


ment is paid for many times over 

Me in savings and service to the com- 

U S munity. This is a matter of 

& record, not conjecture, which 
felekjapbnesemee can easily be verified by econo- 
my-minded officials. 


Drawn by Dean Cornwell 
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The Journal of the 
New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, to- 
gether with reports of the discussions. Many of the contributions are from 
writers of the highest standing in their profession. It affords a convenient 
medium for the interchange of information and experience between the 
members, who are so widely separated as to find frequent meetings an im- 
possibility. Its success has more than met the expectation of its projectors; 
there is a large and increasing demand for its issues, and every addition to its 
subscription list is a material aid in extending its field of usefulness, 

All members of the Association receive the JOURNAL for two dollars per 
annum which sum is included in their annual dues; to all others the sub- 
scription is four dollars per annum. 


TO ADVERTISERS 


attention of parties dealing in goods used by Water Departments is 
called to the JouRNAL oF THE New ENGLAND WATER WorkKS ASSOCIATION 

as an advertising medium. 
Its subscribers include the principal WATER Works ENGINEERS AND Con- 


TRACTORS in the United States. The paid circulation is 1000 coptes. 


Being filled with original matter of the greatest interest to Water Works 
officials it is PRESERVED and constantly REFERRED TO BY THEM, and 
advertisers are thus more certain to REACH BUYERS than by any other 


means. 
The Journat is not published as a means of revenue, advertisements being 
inserted solely to help meet the large expense of publication. 


ADVERTISING RATES 


One page, one insertion, 2 colors Forty-eight Dollars 
One page, one year, four insertions Eighty Dollars 
One-half page, one year, four insertions Fifty-six Dollars 
One-fourth page, one year, four insertions Thirty-six Dollars 
Card size, one year, four insertions Twelve Dollars 
One page, single insertion 
One-half page, single insertion 
One-fourth page, single insertion 
Size of page 444 x 7% net. 


A sample copy will be sent on application. 
For further information, address the Advertising Agent, 


Mrs. R. MELROSE, 
609 STATLER BUILDING, 
Boston, MASSACHUSETTS 


COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following ad- 
vantages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches’”—Saves time in preparation—Saves 
time in handling on the job—Saves in freight and hauling 
charges. 


Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 


Girard Trust Company Building — Philadelphia, Penna. 
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